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57 ABSTRACT 
A method allows analog device model descriptions to 
be described in a suitable language and then automati 
cally converted into the language of the simulator in a 
form that facilitates gradient-based calculations. The 
method can include the steps of entering a high-level 
description of the component model by naming the 
model, declaring parameters, specifying argument 
independent equations, describing a topology of the 
model, declaring arguments, and specifying argument 
dependent equations. Then, compiling the high-level 
description to produce model behavior code parse trees 
and model structure data, analyzing the data-flow of the 
model behavior code parse trees to produce verified 
parse trees and error messages for those variables refer 
enced but not defined, debugging the model behavior 
code parse trees and model structure data, translating 
the verified parse trees to produce scalar-code parse 
trees according to a selected translation mode, the sca 
lar code parse trees including objects that manipulate 
expressions containing derivatives with respect to an 
argument, checking the argument dependence of the 
scalar-code parse trees to produce repartitioned scalar 
code parse trees, and filling in the data required by 
simulator model templates to convert the repartitioned 
scalar code parse trees into code in the computer pro 
gramming language used by the simulator. 

24 Claims, 4 Drawing Sheets 
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AUTOMATIC COMPLATION OF MODEL 
EQUATIONS INTO A GRADIENT BASED 

ANALOG SMULATOR 

This is a continuation of application Ser. No. 
07/634,262 filed Dec. 14, 1990 which is now aban 
doned. 

BACKGROUND OF THE INVENTION 
This invention relates to the field of electrical circuit 

simulators, and more particularly to the field of entering 
analog electrical component model descriptions into a 
gradient based analog circuit simulator. 

Years ago, when electrical circuits involved primar 
ily discrete components, a traditional “breadboard' 
allowed an engineer with an oscilloscope to probe and 
measure the activity at every node of interest until he 
was satisfied that he knew how his circuit would behave 
under a variety of expected conditions. The similarity 
between the breadboard circuit and the final circuit was 
great enough to allow fairly accurate characterization 
of the final circuit by laboratory measurements of the 
breadboard circuit. 

However, with the vast majority of today's circuitry 
being implemented in integrated circuits, breadboarding 
is no longer a viable approach to circuit design. The 
parasitic components present in the final integrated 
circuit (IC) cannot be physically duplicated with a 
breadboard approach. The fabrication and testing of an 
IC is an acceptable way to verify a design when there is 
already a high level of confidence in how it is going to 
work, but for trying out different design possibilities 
fabrication of an IC and testing it is far too slow and 
expensive to be competitive in today's rapid develop 
ment environment. 

Hence, the advent of circuit simulators. Circuit simu 
lators represent the circuit under design in mathemati 
cal terms, allowing numerical analysis procedures to be 
performed which correspond to the measurements that 
formerly were made with physical hardware in the 
laboratory. The output of the simulator program is in 
effect the result of a measurement made on the circuit 
under design as it presently has been specified within 
the simulator. 
The effective use of simulators has been hindered, 

however, by the difficulty of adding new device models 
to libraries of such models. The simulators are built and 
maintained by software engineers, who are comfortable 
with computer programming, but who frequently have 
a somewhat limited knowledge of device physics. The 
physicists who develop models for new devices, on the 
other hand, tend to have a limited knowledge of soft 
ware and would prefer not to have to become extremely 
conversant with it in order to add their model to a 
library of such models. 
One approach that has been used to permit device 

physicists to enter models into an analog simulator is 
part of the Saber TM simulator sold by Analogy (R), 
Inc. of Beaverton, Oreg. SaberTM includes a modeling 
language called "MAST' that attempts to solve the 
problem of making simulators accessible to their users. 

Rather than calculating derivatives directly as part of 
the simulation itself, which requires having the neces 
sary equations compiled into the main simulation code, 
the Saber TM system precalculates tables of model 
branch values and gradient data and then uses those 
tables and piecewise linear approximation to produce 
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2 
Solution vectors. For a more thorough understanding of 
this method, reference may be made to "Piecewise Lin 
ear Methods for Analyzing Large Hierarchical Net 
works” by Martin Vlach published by the Institute for 
Computer Research (1984). 
For some types of simulation activities, e.g. sensitiv 

ity tests, the use of piecewise linear approximation has 
disadvantages. To perform a sensitivity test, the values 
of the parameter that the sensitivity is being measured 
with respect to must be repeatedly varied. In an ap 
proach that relies on the pre-building of tables, varying 
a parameter requires repeatedly re-building the tables 
and doing so is a time-consuming step. To increase the 
accuracy of a simulation using a table-based approach, 
the tables must be re-calculated using a finer grid, 
whereas in a system based on the symbolic relationships 
being compiled into the main simulation code, a more 
accurate calculation can be obtained more directly by 
varying the control parameter, such as the convergence 
tolerances or transient operator approximation toler 
ances, and then re-running the simulation immediately. 
What is desired is a method that allows analog device 

models to be effectively described in a language that is 
easy to learn and use, and then to have that description 
converted into the language of the simulator and auto 
matically compiled and linked into the main program 
used by the simulator in a way that allows high speed 
calculation of solutions of gradient-based equations 
without the use of piecewise linear approximation and 
the need to build and use tables. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is a method that 
allows analog device model descriptions to be effec 
tively described in a language that is easy to learn and 
use, and to have that description converted into the 
language of the simulator and automatically compiled 
and linked into the main program used by the simulator 
in a way that allows actual high speed calculation of 
gradient-based equations without the use of piecewise 
linear approximation and the need to build and use 
tables. 

In a preferred embodiment, the method of the present 
invention encompasses the following steps: entering a 
high-level description of the component model by nam 
ing the model, declaring parameters, specifying argu 
ment-independent equations, describing a topology of 
the model, declaring arguments, and specifying argu 
ment-dependent equations. Then, compiling the high 
level description to produce model behavior code parse 
trees and model structure data, analyzing the data-flow 
of the model behavior code parse trees to produce veri 
fied parse trees and error messages for those variables 
referenced but not defined, debugging the model de 
scription as represented by the model behavior code 
parse trees and model structure data, translating the 
verified parse trees to produce scalar-code parse trees 
according to a selected translation mode, the scalar 
code parse trees including objects representing arithme 
tic operators that permit said operators to manipulate 
expressions containing derivatives with respect to an 
argument, checking the argument dependence of the 
Scalar-code parse trees to produce repartitioned scalar 
code parse trees, and filling in the data required by 
simulator model templates to convert the repartitioned 
scalar code parse trees into code in the computer pro 
gramming language used by the simulator. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a data flow and block diagram of an analog 
circuit simulator provided with means for accomplish 
ing the of the present invention, 
FIG. 2 is an example of a model behavior code parse 

tree, and 
FIG. 3 is a screen view of the user interface of the 

model debugger. 
DETAILED DESCRIPTION 

Referring to FIG. 1, a gradient-based analog simula 
tor 10 has been provided with means for accomplishing 
the methods of the present invention. At a user interface 
11, the user enters data describing the user's model for 
an analog circuit device into a model description lan 
guage file 12. The language used, the Analog Device 
Model Description Language, has been designed to 
foster good communication between a device physicist 
and the software intensive environment of the analog 
circuit simulator 10. It permits a rigorous definition of 
the analog device model while insulating the user from 
the details of simulation software. As will be seen below 
when the language is more fully described, the block 
oriented structure of this language guides the model 
developer through the requirements for a complete 
model description. 
A model language compiler 14 performs lexical and 

syntax analysis of the model description from the model 
description language file 12 and produces model behav 
ior code parse trees 16 and model structure data 18. The 
model behavior code parse trees are forwarded to a data 
flow analyzer 20 which verifies that all referenced vari 
ables are defined. The output of the data flow analyzer 
20 is verified parse trees 22. If a variable is referenced 
but not defined, an error message 21 is generated. 
The verified parse trees 22 and model data structures 

18 are both available to a model debugger 26 that also 
receives input from a circuit and control compiler 28 
operating on the data in circuit file 30. The circuit file 30 
is a smaller, local version of the same kind of informa 
tion that is found in the circuit netlists 46 and the analy 
sis control program 48 associated with the analog cir 
cuit simulator 10. The user controls the model debugger 
26 through the user interface 11 to produce a debug 
simulation results file 31. The model debugger 26 has 
interactive capabilities that allow the user to examine 
the values of all of the variables in the context of the 
execution of any statement. These capabilities and the 
error messages generated help the user find any errors 
in the model description language file 12. 
The model behavior code parse trees and the verified 

parse trees derived from them can be linked to a unique 
class of objects that are capable of performing arithme 
tic and algebraic operations on operands that contain 
not only variables but their partial derivatives. "FAnd 
GradF' (function and gradient of the function; Appen 
dix E) is the name of a calculating version of this class 
of objects that is used in the model debugger 26 to 
numerically evaluate the verified parse trees 22. 
Once the debugging has been completed, the verified 

parse trees 22 also go to a high level to scalar translator 
32 which produces scalar code parse trees 34. The high 
level to scalar translator 32 adds parse nodes represent 
ing the derivatives of all quantities with respect to their 
arguments. For dc, transient and ac analyses the argu 
ments are those variables declared in the argument-defi 
nition section of the Analog Model Description Lan 
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4. 
guage procedure. For sensitivity analysis the arguments 
are the model parameters with respect to which the 
sensitivities are to be found. For noise analysis the argu 
ments are the noise sources in the code, defined using 
the noise function. 
Another version of the new class of objects (de 

scribed briefly above) to represent variables and their 
partial derivatives is called "CodeGenFAndGradF' 
(Appendix F). In the high level to scalar translator 32, 
“FAndGradF' objects in the high level verified parse 
trees 22 spawn specialized variants of themselves, 
“CodeGenFAndGradF'. Rather than performing nu 
merical calculations of variables and their derivatives, 
as “FAndGradf' does, “CodeGenFAndGradF' is 
designed to generate C code to perform the calculations 
within the analog circuit simulator 10. 
The scalar code parse trees 34 from the high level to 

scalar translator 32 go to an argument dependence ana 
lyzer 36. The argument dependence analyzer 36 opti 
mizes the code by first running a more complete data 
flow analysis, which includes the derivatives with re 
spect to arguments as well as the original equations. If 
this analysis finds variables that are defined but never 
used, the definitions are discarded. The argument 
dependent equations are then checked to verify that 
they truly are argument-dependent and those that are 
not are moved to the argument-independent portion of 
the code to produce repartitioned scalar code parse 
trees 38. This repartitioning is necessary because the 
process of differentiation may turn a variable into a 
constant. It is important to optimize the argument 
dependent portion of the resulting C code as much as 
possible, because the argument-dependent portion of 
the code must be executed repeatedly for the nonlinear 
part of the analysis while the argument-independent 
portion of the code is only run once per simulation. 
Therefore, keeping as many calculations as possible out 
of the part of the code that must be run so many times 
is highly rewarding in terms of efficiency. 
A C code model printer 40 receives the translation 

mode data 33, the repartitioned scalar code parse trees 
38 and the model structure data 18 and uses TekSpice2 
simulator model templates 42 to organize and convert 
those inputs into a C code output, the TekSpice2 model 
file 44 that is suitable for linking into the main simula 
tion program of the analog circuit simulator 10. The 
TekSpice2 simulator model templates 42 help define the 
C code functions expected by the simulator. 
The analog circuit simulator 10 also receives circuit 

netlists 46 and an analysis control program 48, and, 
based on the interaction of one or more instances of a 
number of such models according to the contents of the 
circuit netlists, produces a simulation results file 50. 
The first step in the method of the present invention 

is to create a high-level description of the new device 
model in an easy to use language. This language, which 
is called the Analog Model Description Language 
(AMDL), provides a uniform and straightforward way 
to describe all of the characteristics of the new device 
model in a structure which lends itself to the rest of the 
process that is to follow. 
The Analog Model Description Language descrip 

tion of a new model begins with an outer block that 
defines the name of the new model, in this example 
"resistor'. Each block begins with a required keyword, 
in this example “modelDefinition”. “ (sub-blocks).” 
are the model details that are filled in the steps which 
follow. Comments are identified by a slash and an aster 
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isk, /comments/, as in the language C. Taking these 
together, we have an outer block that looks like: 

modelDefinition resister { 
Acomments/ 
KSub-blocks) 

The sub-blocks define the parameters, argument 
independent equations, topology, arguments, and argu 
ment-dependent equations for the new model, in that 
order. Each sub-block contains one or more statements 
as explained below. Every model must have a topology 
sub-block and an argument-dependent equations sub 
block, but the inclusion of other 'sub-blocks is optional, 
depending on the features of the particular model. Vari 
ables defined in one block are available for use in equa 
tions in the blocks that follow. The general form of all 
sub-blocks is: 

blockName { 
<statements 

} 

PARAMETER DECLARATION 
Parameters are variables which assume constant val 

ues at simulation time, such as the resistance of a resis 
tor. They are declared using assignment statements. 
The assignment statements contain the parameter name 
and a default value, and optionally a legal set of values. 
The default value may be specified to be anything from 
negative infinity to positive infinity. Default values may 
be overridden for particular instances of the use of the 
model. The form of the specification is: 

parameter=value 

parameter=value,<legal set) 

The comma indicates that a legal set of values follows 
the assignment of the default value. Such a comma and 
legal set may only appear after an assignment statement. 
When a legal set is specified, the assigned value is tested 
to see if it is within the legal set. If it is not, an error 
message is generated. 
A legal set of discrete values may be specified by 

enumeration, e.g.: 

{value1,value2,...} 

Intervals of real values, either including or excluding 
end points, e.g.: 

(lowValue highValue) 

A bracket indicates inclusion of the end point, "low 
Value' in this example, while a parenthesis indicates 
exclusion of the endpoint, “highValue” in this example. 
A legal set may also include the union of two or more 

sets, where a back-slash forward-slash combination is 
interpreted as the union operator for sets, e.g.: 

(-infinity, -0.1)/{0}/(0.1,infinity) 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 
Legal sets may also be defined by exclusion using an 

exclamation point. Thus, the set of all real numbers 
except zero is denoted by: 

{O} 

Parameters are declared using the keyword "default 
ParameterValues', as in the following declaration for 
the resistor example started above: 

defaultParameterValues { 
R = 1, {0} /* The resistance may not be zero. 
TC - 0 /* Temperature coefficient. 

ARGUMENT-INDEPENDENT EQUATIONS 
Arguments are independent variables whose values 

are determined repeatedly during every iteration of the 
simulation. Argument-independent equations only in 
volve parameters and constants, and so only need to be 
evaluated when parameter values change. These equa 
tions often are used for scaling by dimensions, tempera 
ture effects, or could be used to map physical parame 
ters into internal electrical parameters. As will be fur 
ther explained below in connection with Note 2 of Ap 
pendix C, the diode model input file, an iterative con 
struct (“while' statement) is provided for local solution 
of simple nonlinear equations. Legal sets may also be 
appended to assignment statements in this sub-block. 
The keyword is “argumentIndependentEquations' and 
an example using the resistor again is: 

argumentIndependentFquations 
r = R*(1+TC"(temp-tnon)), {0} 
gResistor = 1/r 

Statements are sequentially evaluated, so any variable 
that has been declared in a previous sub-block may be 
referenced in subsequent sub-blocks, as “R” and “TC” 
have been here. Each variable may be assigned any 
number of times, but only within one sub-block. Vari 
ables must be declared in the model description by 
assignment before being referenced, except for global 
variables. Global variables, such as temp and trion, are 
defined as part of the simulator. 
TOPOLOGICAL DESCRIPTION 

Electrical circuit simulation is naturally facilitated 
through the construction of nodal networks. For this 
purpose, network constructs for a node, branch and pad 
are provided to describe the flow of network quantities 
and provide interconnections for the confluence of 
those flows. This sub-block closely emulates the form of 
a circuit netlist. The statements for defining nodes and 
pads use the keywords “node' and "pad', and “units', 
and look like this: 

node name units= unit 

pad name units=unit 

Nodes and branches are private to a model definition, 
i.e., no branch may join the node of one model defini 
tion to the node of a different model definition. Pads are 
special nodes that are the only legal way to connect a 
particular instance of a model definition to the other 
network elements in the system. The specification of 
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units determines the type of quantities that are associ 
ated with particular nodes and pads, so that inconsistent 
types of quantities, such as voltage and pressure, are not 
inadvertently connected to the same node or pad. 

Branches are the conduits used to interconnect nodes 5 
and pads with other nodes and pads. The statement for 
declaring a branch uses the keywords "branch' and 
"units' and looks like: 

O branch name nodel node2 units= unit 

The branch name provides the association between 
the mathematical equations of the model definition, 
defined in the argument DependentEquations sub-block 
described below, and the branch contribution to the 
system of which it is a component. A “through' quan 
tity is defined by those equations as the flow through 
the branch. For electrical branches the value of 
“through' is electrical current. "Units' again are used 
to enforce consistency in network construction. 

In an electrical network the value of branch current 
may be that required to keep the difference in node 
voltages across that branch constant. An example of this 
would be the branch joining the terminals of a voltage 
source. In this case, it is convenient to introduce an 
unknown quantity to represent the current through the 
voltage source. Corresponding to the introduction of 
the unknown voltage-source current, it is customary to 
introduce an equation of constraint. The model un 
known, which may represent a network or non-network 30 
quantity, provides for this requirement. 
A model unknown provides a mechanism for express 

ing equations of constraint between the model argu 
ments. A model unknown must have an associated con 
straint equation which may mathematically couple to 35 
branches in the network. Additionally, the unknown 
must be used in at least one of the equations in the model 
definition. The constraint is defined in the argument 
DependentEquations section of the model description 
and the action of the simulator is to adjust the system 40 
solution, and hence the model arguments, to drive the 
expression appearing in the constraint equation to zero. 
The statement for a model unknown uses the keywords 
"unknown' and “units’ and looks like: 

15 

20 

25 

45 
unknown name units= unit 

Here units serve to identify the type of unknown 
quantity for simulation output purposes. 
The topological description for the resistor example 50 

is given by: 

topologicalDescription { 
pad plus units=volts 
pad minus units=volts 
branch resistor plus minus units=amps 

Note that algorithm-specific information such as matrix 
stamps are not included in the model description as in 60 
other model-definition languages. Such information is 
extractable by the software of the present invention 
from branch, unknown, equations, and argument decla 
rations and need not concern the model developer. 
ARGUMENT DECLARATION 
The arguments are independent variables in the 

model equations that receive their values from the solu 
tion of the system equations. An example would be vbe 

65 

8 
and vbc for a bipolar transistor. There are two argu 
ment types. The first is an "across' argument: 

argument=across(namel,name2) 

O 

argument=across(namel, name2.polarity) 

where namel and name2 are network nodes or pads in 
the topological description of the model. "Across' ar 
guments in electrical networks are thus voltage differ 
ences. The polarity variable allows one equation set to 
be used for models with two polarities, such as npn and 
pnp transistors. 
The second argument type comes from a model un 

known. A “value' argument is declared by: 

argument= value (name-of-unknown) 

The argument declaration for the resistor is: 

argumentDefinition { 
vResistor = across(plus, minus) 

Arguments will be used for the definition of the math 
ematical functions and relations of the argument Depen 
dentBouations sub-block. Arguments have the same 
units as the nodes, pads and unknowns which they refer 
ence. The mixing of units is thereby prevented. 
ARGUMENT-DEPENDENT EQUATIONS 
The argument-dependent equations involve the 

model arguments as well as parameters and must be 
evaluated at each iteration during the solution process if 
a nonlinear system is being solved. All branches must 
have through values defined and all model unknowns 
must have constraints expressed in this block. 
The branch “through' quantity is set in the ar 

gumentDependentEquations sub-block of the model 
description by the statement: 

throughValueFor(branch name)=expression 

throughValueFor(branch name, 
polarity)=expression 

The expression appearing above is formed as an equa 
tion right-hand side from a set of conventional mathe 
matical functions and operators. The action of the simu 
lator is to subtract the through value from the nodal 
system equation of the first node of the branch and to 
add to the equation for the second node. 
The constraint is defined in the argumentDependen 

tEquations sub-block of the model definition by the 
Statement: 

constraintPor(unknown name)=expression 

and the action of the simulator is to adjust the system 
solution, and hence the model arguments, to drive the 
expression appearing in the constraint equation above to 
zero. An example of a model definition using a model 
unknown and constraint equation is reproduced below 
in a model of a constant-inductor. 
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The argument-dependent equations for the resistor 
2: 

argumentIdependentEquations 
throughValueFor(resistor) = vResistor"gResistor 

No derivatives of the branch or constraint quantities 
are required to be specified in this sub-block of the 
model definition since this is a simulator-dependent 
matter that can be performed by the software of the 
present invention. 
Assembly of the above sub-blocks within the encom 

passing model Definition block for the resistor com 
pletes a mathematical definition suitable for incorpora 
tion into a simulator: 

model Definition resistor { 
defaultParameterValues { 
R = 1, {0} /* The resistance may not be zero. 
TC = 0 /* Temperature coefficient. 

argumentIndependentEquations { 
r = R*(1+TC"(temp-tnon)), {0} 

} gResistor = 1 / r 

topologicalDescription { 
pad plus units=volts 
pad minus units=volts 
branch resistor plus minus units=amps 

argumentDeclaration { 
vResistor = across(plus, minus) 

} 
argumentDependentBquations 

throughValueFor(resistor) = vResistor"gResistor 

The Analog Model Description Language assumes 
the existence in the simulator of standard mathematical 
support and the approximation operators "ddt()”, “de 
lay()', “bessel1()', and "integral()'. The operator 
"ddt()' is a derivative approximation of the argument 
with respect to time. The other approximation opera 
tors "delayO”, “bessel2O', and "integral()' are needed 
to implement the standard Spice transmission line and 
bipolar transistor models, and the not-so-standard Jo 
sephson junction mode 1, respectively. 
Appendices A and B are, respectively, "lex' and 

"yacc' files that together rigorously define the Analog 
Model Description Language. The "lex' file defines the 
tokens of the Analog Model Description Language, 
while the "yacc' file defines all of the permitted sequen 
ces of those tokens. 

AN EXAMPLE OF A MODEL DEFINITION 
USING AMODEL UNKNOWN 

In this example, the employment of an unknown in 
the topologicall description sub-block permits definition 
of an inductor in the modified-nodal analysis form of 
TekSpice2. Note also the use of derivative operator 
"ddt()'. The following is a complete description of a 
positive constant-inductor model: 

modelDefinition inductor 
defaultParameterValues { 

L= 1 0, infinity) 
} 
topologicalDescription { 
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10 
-continued 

pad in units=volts 
pad out units=volts 
branch inductor in out units=amps 

} unknown i units=amps 

argumentDefinition { 
vl=across(in,out) 
il=value() 

} 
argument Dependentequations ( 

phi=L'il 
throughValueFor(inductor)=ill 
constraintFor(i)=ddt(phi)= v1 

/* Constraint v1 =ddt(phi) */ 

The Analog Model Description Language is highly 
flexible, in that it allows the user to include as many 
unknowns as desired in the solution vector. While the 
desire to reduce simulation time usually leads one to 
include as few unknowns as possible in the solution 
vector, different topological forms may exhibit superior 
behavior numerically due to the approximation meth 
ods used to solve the system unknowns. The Analog 
Model Description Language permits such varied de 
scriptions. For example, Appendix N shows an Analog 
Model Description Language file describing a diode 
model in a topological form suitable for modified nodal 
analysis, with three node voltages in the solution vector 
as system unknowns. Appendix O is a similar file, but in 
a topological form suitable for the tableau method, with 
three node voltages, two branch currents, and a junc 
tion capacitance all appearing in the solution vector as 
system unknowns. Appendix P is yet another such file, 
but in the modified tableau method, with three node 
voltages and two branch currents as system unknowns. 
Finally, Appendix Q is another file in the modified 
tableau method, but with only two node voltages and 
one branch current appearing in the solution vector. 
Appendix U (Prior Art) to this document is a paper, 

that was given at the 1987 Automated Design and Engi 
neering for Electronics-West conference, entitled "A 
Simulator for Designing Mixed Technology Systems' 
by Doug Johnson of Analogy Inc. This paper describes 
the Saber system and, at page 230, shows an example of 
the MAST language. Appendix R is an example of how 
the same devices may be defined using the Analog 
Model Description Language of the present invention. 
Appendix R contains two pages. The first is the model 
description for the error amplifier, while the second is 
the model description for the motor and tachometer. 
The model language compiler 14, provides lexical 

and syntactical analysis. "Principles of Compiler De 
sign' by Aho and Ullman, Addison-Wesley Publishing 
Company, (1977), hereby incorporated by reference, 
explains lexical and syntax analyzers and parser genera 
tors. The model language compiler 14 is written in 
SmallTalk-80, although it could be written in other 
languages, especially other object oriented languages. 
When the model language compiler 14 is presented with 
an allowed sequence of tokens, it builds a corresponding 
object to represent that allowed sequence. When the 
compiler is presented with a sequence of tokens that is 
not allowed, it produces an error message 15 for the 
operator. To optimize its output, the model language 
compiler also looks for repeated common sub-expres 
sions, and as they are found, sets all references for such 
a common sub-expression to a single definition. 
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The model language compiler 14 produces two out 
puts, model structure data 18 and model behavior code 
parse trees 16, in addition to the error messages 15. FIG. 
2 is an example of a model behavior code parse tree and 
the equation that it is based on. The present system 
follows the post-order convention for parse tree tra 
versal. As will be explained in detail below, the model 
behavior code parse trees 16 produced by the model 
language compiler 14 can be linked to "FAndGradF' 
objects, that permit arithmetic operators to accommo 
date differentials in the operands that they operate on. 
Model structure data 18 includes an input parameters 

list and "map-in” and "map-out' data. During the itera 
tive system solution process, initial arguments and pa 
rameters are used by the argument-dependent model 
code to produce a numerical results file. "Map-out” is 
the code that is used to transfer the data from the mod 
el's numerical results into the linear system equation of 
a gradient based simulation. Solution of the linear sys 
tem equations produces a solution vector. "Map-in' is 
the code that converts the data in the solution vector 
back into the values of the arguments for the next itera 
tion. Thus, each iteration consists of: first, mapping-in 
values from the solution vector to the arguments; next, 
evaluating argument-dependent equations using those 
values; and then, mapping-out the "through' and "con 
straint' quantities into the linear system equations 
which are solved again to complete the iteration. 
The model debugger 26 accepts the verified parse 

trees from the data flow analyzer and model structure 
data from the model language compiler and executes it 
in a pseudo-machine environment. Because it is not 
running compiled machine level code but rather using a 
program to interpret the incoming stream of high level 
instructions and emulate the behavior of the actual sim 
ulator, the execution is much slower than execution of 
the compiled code produced by the C code model 
printer. However, this slow execution is a reasonable 
tradeoff, in that it permits debugging of Analog Model 
Description Language programs directly in an environ 
ment that returns much more meaningful information 
when errors are encountered, and permits the stepping 
through of instructions and the viewing of intermediate 
results and the values of all variables, so that debugging 
is made feasible in a way that it would not be along the 
main path through the C code model printer. 
The model debugger 26 is a modified version of the 

standard SmallTalk-80 debugger. The modifications 
make it more suitable for executing the verified parse 
trees 22. Each node in these parse trees (FIG. 2) knows 
how to execute itself in a suitable context containing the 
values of the variables that it needs. The top node in the 
tree, the assignment (=) node, is sent a message to "exe 
cute in this context' and the context is supplied. The top 
node then passes the same message to the subtree repre 
senting its right-hand-side. The node at the top of the 
right-hand-side subtree, the "--' sign, then passes this 
message to each of its subtrees. The subtree nodes to its 
left keep passing the message down, until the bottom 
nodes eventually are reached. They extract any values 
that they need from the supplied context, perform their 
computations, and pass the results back up to the nodes 
above them. The top node of the right-hand-side sub 
tree eventually receives the information that it needs 
from the nodes on its left-hand-side, adds the postValue 
“1” to that, and passes the result back to the top node, 
the equals sign. The top node then tells the node to its 
left, "X", to store its new value in the supplied context. 
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This figure, FIG. 2, is discussed in more detail below, in 
connection with the C code model printer 40. 
The model debugger 26 calculates partial derivatives 

using “FAndGradR', which is explained in detail be 
low. "FAndGradf' uses a numerical approach and 
produces actual values of the variables that it operates 
on. "CodeGenFAndGradF', which is used to replace 
“FAndGradF” in the high level to scalar translator 32, 
is analogous, but it uses a symbolic approach and pro 
duces C code when it reaches the C code model printer 
40. This C code then does the actual numerical calcula 
tions after it is linked into the C code of the main pro 
gram of the Analog Circuit Simulator 10. 

Because the model debugger 26 is executing parse 
trees instead of regular SmallTalk-80 code, there are 
some differences in its user interface and the informa 
tion that is available to the user. In the regular Small 
Talk debugger, the debugger constructs a map between 
the source code and the compiled method before it calls 
the SmallTalk interpreter to perform executions. It is 
therefore able to print out the source code for the user 
as he steps through or halts on an instruction. 

In the model debugger 26 of the present invention, 
there is no interpreter for the compiled model code; it 
executes itself as described above. The model debugger 
26 does not create a map between the test representation 
of the model code and the parse nodes, but rather it asks 
each code statement to construct a text representation 
of itself. Each node/object of the model behavior code 
parse trees 16 includes methods for responding to mes 
Sages making such requests. For example, the top node 
equal sign of FIG. 2, when presented with such a re 
quest, would ask its left-hand-side node to print out its 
name, then itself print an equal sign, then ask its right 
hand-side node to print out its name. The right-hand 
side node would have to make similar requests of the 
nodes below it in order to complete its printout. 
FIG.3 is a sample screen from the model debugger 26 

engaged in the process of debugging a resistor model, r. 
As the annotations indicate, the pane on the left is used 
to step through code statements or view a statement 
that has been halted on. The panes on the right are used 
to inspect values stored in variables. The pane at the top 
on the right displays argument values. The second pane 
down on the right displays the values of the "through' 
and "constraint' variables that will be mapped out into 
the linear system equations. The third pane down on the 
right displays temporary variables and model outputs. 
The fourth pane down on the right displays input pa 
rameters. The fifth and final pane on the right displays 
preset global variables, those that are external to the 
model definition. 
After the model description language file 12 has been 

successfully debugged, the resulting verified parse trees 
22 are forwarded from the data flow analyzer 20 to the 
high level to scalar translator 32. The high level to 
scalar translator 32 produces scalar code parse trees 34 
that are specialized to perform tests in each of the foll 
lowing modes: dc/bias, transient, ac, noise, and sensitiv 
ity. The translation mode control 33 informs the high 
level to scalar translator 32 and the C code model 
printer 40 about the requirements of each mode. The 
high level to scalar translator 32 produces appropriately 
different code for efficiently performing the require 
ments of each mode, so that C code modules for each 
test are available for selection by the analysis control 
program 48. 
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The high level to scalar translator 32 has the ability to 
produce SmallTalk-80 objects capable of writing C 
code representing arithmetic operators that permits 
those operators to manipulate expressions containing 
derivatives with respect to a plurality of arguments. 
This capability is fundamental to automatically con 
structing a C code TekSpice2 model file 44 that includes 
all of the operations necessary for gradient based non 
linear analysis. The same technique could be used with 
other templates to produce code for other simulators, 
e.g., Berkeley's Spice3. The Saber TM software of the 
prior art, in contrast, numerically evaluates the equa 
tions in their compiled language description over a 
range of space and passes on tables of the results ob 
tained to the generic code of the simulator which inter 
polates from these tables as needed to perform the simu 
lation. 
The FAndGradf and CodeGenFAndGradf objects 

have the general form: 

where y is the variable 
and xl through xN are the arguments that dy/dx1 
y may be differentiated with respect to. 

Since the derivatives of arguments are either 1, for 
derivatives with respect to itself, or 0 for a derivative 
with respect to another argument, the arguments may 
then be defined as: 

x1 x2 N 
O O 

O 1 
O 

O 
O 

O 

The class of objects FAndGradF contains methods 
for every arithmetic or algebraic relationship that may 
occur in an analog model. These include addition, sub 
traction, multiplication, division, exponentiation, abso 
lute value, trigonometric functions and their inverses 
and hyperbolics, ceiling, floor, coerce, degrees-to-radi 
ans, and radians-to-degrees, fractional-part, integer 
part, natural logarithm, logarithm-in-base-y, negation, 
power-of-ten, real-part, imaginary-part, reciprocal, 
rounded-off, square-root, minimum, maximum, modu 
lus, raised-to-power-of, and sign. In most cases these 
methods can operate on either scalar (argument 
independent) or gradient (argument-dependent) quanti 
ties. 
A few examples of these methods used by the class 

FAndGradF are explained below. These methods gen 
erally have the following form: they begin with the 
method name in boldface, followed by a comment in 
quotes summarizing the function of the method, fol 
lowed by the SmallTalk-80 code that implements the 
method. The up-arrow symbol means "return the fol 
lowing object'. The implementing code in these meth 
ods is at two levels. The lower level exists in two forms: 
a standard SmallTalk implementation, and a version 
that utilizes extended primitives written in C code for 
faster execution. The method "FAndGradf operand: 
opcode:” has been added as a primitive to the SmallTalk 
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14 
interpreter. In the examples that follow, the FAnd 
GradR methods which access the added SmallTalk 
primitives are shown first and then the SmallTalk back 
up code that further implements them. 

EXAMPLES OF HIGH LEVEL CODE: 
abs 

"Answer abs(self)” 

(self class new: self size) 
operand: self 
opcode: Abs 

exp 
"Answer exp(self)” 

(self class new: self size) 
operand:self 
opcode: Exp 

sin 
“Answer sin(self)” 

(self class new: self size) 
operand: self 
opcode: Sin 

CORRESPONDING BACKUP CODE: 
stabs 

"Answer the absolute value of the receiver' 
self value < 0.0d) 

ifTrue: 

self negated 
iffalse: 

self 
stExp 

"Answer exp(self).” 
newVec expf 

newVec <- self species new: self size. 
expf <- self value exp. 
newVec value: expf. 
1 to: self size do: index newVec derivativeAt: 

index put: (self derivativeAt: index) * expf. 

newVec 
stSin 

“Answer sin(self.” 
newVac fprime u 

newVec k-self species new: self size. 
u <- self value. 
newVec value: usin. 
fprime < - u cos. 
1 to: self size do: index newVec derivativeAt: 

index put: (self derivativeAt: index) * frine. 

newVac 

Let us examine how the last examples in these two 
lists produce a sine function that operates on derivatives 
of functions as well as the functions themselves. In 
general, dy/dx=dy/du'du/dx, so for the function 
"y=sin(u)', the derivative of y with respect to x is 
“dy/dx=cos(u) *du/dx'. 
Noting that when the object form described above is 

applied to a function of a function: 

f 

Thus, the code for the sine function should produce 
an object having this form that is equivalent to the 
relationship "dy/dx=cos(u)*du/dx'. Examining this 
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code we see that the last line returns newVec, a vector 
containing the result dy/dx=cos(u)"du/dx, for x1 to 
xN, in the form shown in the object shape above. 
This result vector has a length the size of the original 

vector (self) that holds two sets of functions. The first 
part of newVec is y, the function value. This header is 
generated by the "newVec value: usin'. The (df/du) 
part of the object, which is cos(u) for this function, is 
generated by the "fprime' portion of this line of code. 
"f Prime' contains the cosine of u as the result of the 10 
preceding line of code, "frime-u cos’. The (du/dxN) 
part of the object, du/dx, is generated by the "(self 
derivativeAt: index)' part of the same line of code. 
The second to the last line of this code, 

"1 to: self size do: index newVec derivativeAt: 
index put: (self derivativeAt: index)" fPrime.” 

stores the derivative value in the result vector. 
Once this object has been created, the value of the 20 

derivative of y with respect to x3 can be obtained by 
sending a message to the new object identifying the 
argument index among the set of arguments dx1 to 
dxN. The argument can be identified using the con 
struct shown above: 

In response to this message the object returns "cos (u) 
*du/dx3'. Thus, these arithmetic and algebraic objects 
have been "taught” to be aware of how (calculus) dif. 
ferentiation applies to them, i.e., they know the rules of 
calculus. For example, the multiplication method 
knows that the derivative of a product of two variables, 
u and v, with respect to x is u'dv/dx--v'du/dx: 

-- - - - - - - 
du/dx. dy/dx1 udy/dx1 -- 'duax 

du/dxN dy/dxN u"dy/dxN + y'du/dxN 

Similarly, the methods for all of the other FAnd 
GradF objects carry with them an understanding of 
how differentiation pertains to them. 
CodeGenFAndGradF objects create scalar code 55 

objects that carry with them the capacity to write them 
selves out in C code with the help of the C code model 
printer. In addition to the understanding of calculus that 
they share with FAndGradF objects, the methods asso 
ciated with CodeGenFAndGradF also contain a pen 
chant for code simplification. That is, they pay attention 
to when variables become zero as a result of differentia 
tion, for example, and they act accordingly to simplify 
the code that they write to eliminate operations that 
become meaningless as a result of these occurrences. 

CodeGenFAndGradF (CGFGF) EXAMPLE (addition): 
- acGFGF 

16 
-continued 

"Answer the sum of self with acGFGF. The result 
will contain a symbolic representation of the 
operation on the function values and all active 
partial derivatives.” 

"Arguments: 
aCGFGF- CCodeGenFAndGradf>'' 

self species new preoperand: self plusPostOperand: acGFGF 
preoperand: preoperand plusPostOperand: postOperand 

"Answer the sum of preoperand with postOperand. 
The result will contain a symbolic representation of 
the operation on the function values and all active 
derivatives.” 

"Arguments: 
preOperand - <CodeGenFAndGradF) 
postOperand - <CodeGenFAndGradF>" 

preDeriv postDeriv deriv 
context <- preoperand context. 
activeDerivatives <- preOperand activeDerivatives bitOr: 

postOperand activeDerivatives. 
functionValue <- preoperand functionValue -- postOperand 

function Value. 
gradientValues <- Array new: (preCoperand size max: 

postOperand size). 
i to gradientValues size do: 

i 
preDeriv <- preoperand derivativeActiveFor: i. 
postDeriv <- postOperand derivativeActiveFor: i. 
preDeriv 

ifTrue: postderiv 
ifTrue: (deriv <- (preOperand derivativeAri) 

-- (postOperand derivativeAti) 
ifFalse:deriv <- preoperand derivativeAtti) 

ifFalse: postderiv 
ifTrue: deriv < - postOperand derivativeAt:ii) 
ifFalse: deriv <- nil). 

gradientValues at: i put: deriv) 

Note in this example how within the loop, 1 to the 
size of gradientValues, the flags preDeriv and post 
Deriv are set only if the corresponding operand con 
tains an active derivative. Then if both flags are set, 
code is generated to calculate both derivatives and sum 
them. But if only one derivative is active, no summation 

40 is performed and the active derivative is returned as the 
sum, "deriv'. If neither operand is flagged as active, a 
nil is returned. Each unnecessary operation that is 
avoided translates into better execution time within the 
analog circuit simulator 10 when the resulting code is 
compiled, linked and executed. 
The scalar code parse trees 34 from the high level to 

scalar translator 32 go to an argument dependence ana 
lyzer 36. The argument dependence analyzer 36 opti 
mizes the code by checking ostensibly argument 
dependent equations to verify that they truly are argu 
ment-dependent and moving those that are not to the 
argument-independent portion of the code to produce 
repartitioned scalar code parse trees 38. Sometimes the 
process of differentiation turns a variable into a con 
stant, for instance. This repartitioning also increases the 
speed of execution at run time. 
Appendix C is an Analog Model Description Lan 

guage file 12 for a diode model. Appendix D is a corre 
sponding C code TekSpice2 model file 44 output pro 
duced from Appendix C by the method of the present 
invention. In the output file, any variable name with 
under scores has been generated by the method of the 
present invention. 
Notes 1 and 2 in Appendix C show the use of “if” and 

"while' statements in the Analog Model Description 
Language. The “if” statement of Note 1 is being used to 
conditionally introduce the concept of breakdown volt 
ages. The “while' statement of Note 2 is the iterative 



5,363,320 
17 

construct that performs the calculation of the crossover 
from the normal diode behavior curve to the break 
down voltage behavior curve. 
The Analog Model Description Language has been 

structured to facilitate the complete mathematical de 
scription of a model. This description is free of algorith 
mic details that are features of approximate solution 
methods which may be employed to solve systems 
formed using a given model definition. However, the 
model description may be augmented by an individual 
knowledgeable in practical simulation to incorporate 
such algorithmic information. Further, special simula 
tion outputs may be flagged or the generation of code 
for simulation methods of a particular type may be 
signaled through the use of "line modifiers' in a model 
definition. Line modifiers permit the tailoring of a 
model definition for a particular simulator. Appendix T 
is an example of another diode model description, first 
without and then with the use of such line modifiers. 
The C code model printer 40 receives the reparti 

tioned scalar code parse trees 38 in SmallTalk-80 and, 
using TekSpice2 simulator model templates 42 that are 
themselves SmallTalk-80 subroutines, converts the par 
titioned scalar code parse trees 38 into a C code file, 
TekSpice2 TM model file 44, that is suitable for linking 
into the generic code of the analog circuit simulator 10. 
The output of this method is compatible with Tek 
Spice2. TekSpice2 is like Spice3 from Berkeley (UCB) 
and the Saber TM simulator in that it is modular with 
respect to new models. 
ArgumentFAndGradf is a class of objects used by 

the model debugger 26 to represent a model argument 
and initialize the argument values during the numerical 
evaluation process. CodeGenArgumentFAndGradf is 
a class of objects used by the high level to scalar transla 
tor 32 to represent a model argument and initialize the 
argument values during the code generation process. 
Appendix G is a definition of an ArgumentFAndGradF 
object, while Appendix H is a definition of a CodeGe 
nArgumentFAndGradf object. 
Each ArgumentFAndGradF and CodeGenAr 

gumentFAndGradF object carries its argument number 
with it. Note 3 in Appendix H shows the argument 
Number being returned. Note 4 shows the point where 
"convergencePossible” is returned (left arrows "--” 
within single quotes are SmallTalk-80's representation 
of an underscore, while outside of such quotes the bac 
karrow represents an assignment operator). The argu 
ment objects have limiting functions applied to them to 
ensure that the step size limit from iteration to iteration 
does not become too large. Multiple Note 5's in Appen 
dix H show limit functions. 

Referring now to Appendices D and G, some exam 
ples are shown of how the high level to scalar translator 
32 actually generates the scalar code that the C code 
model printer 40 prints out as C code TekSpice2 model 
files 44 using the TekSpice2 simulator model templates 
42. 
Appendix I, MDSModelDefinition, is the highest 

level code of the system of the present invention. It 
includes the code that is represented by or controls the 
translation mode data 33, the high level to scalar trans 
lator 32, the argument dependence analyzer 36, the C 
code model printer 40, and the TekSpice2 simulator 
model templates 42. 
One of the functions performed by MDSModelDefi 

nition is C code generation. It also contains C code 
generation utilities. The C code generation portion of 
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the MDSModelDefinition contains the TekSpice2 
model templates 42 and the high level structure of the 
translation mode data 33. 
The TekSpice2 model templates portion of the 

MDSModelDefinition code puts C function definition 
headers with variable declarations at the top of a func 
tion and then calls on these other Node blocks of code 
to fill in the details according to the contents of the 
repartitioned scalar code parse trees. 
For example, Note 6 in Appendix D indicates the 

location of some header information in the resulting C 
code, beginning with a comment that is followed by the 
declaration of some variables. Note 7 in Appendix I is 
the SmallTalk C code generation code that produces 
the C code identified by Note 6. The “name' in “next 
PutAll: name' is "d', since this is the diode model ex 
ample. 
The code identified by Note 8 in Appendix I is check 

ing to see what local variables must be declared and 
whether they need to be “ints' or “doubles'. Note 9 in 
Appendix I identifies the line of code that acts to print 
out the double declaration identified by Note 10 in 
Appendix D. 
As well as producing this header information and 

orchestrating the activities of the other Node blocks of 
code, MDSModelDefinition also uses the "map-in” and 
"map-out' information discussed above to build the C 
code that controls the map-in and map-out functions 
(Note 11, Appendix D). 

In order to actually write all of the C code, though, 
the MDSModel Definition calls on TspiceModelBlock 
Node (Appendix J, page 4, bottom), which calls 
TspiceModelAssignmentNode (Appendix J, page 3, 
bottom) for each assignment statement in the block. If 
"if-then-else' or "while” statements are present, 
TspiceModelBlockNode will also make calls to Tspi 
ceIfNode or TspiceWhileNode as necessary. 

Referring again now to FIG. 2, the expression 
"x=exp(-ab)--1', which has been entered in the 
argument-dependent block, has been converted by the 
model language compiler 14 into the parse tree shown. 
The high level to scalar translator 32 now translates the 
verified parse tree 22 shown in FIG. 2 as follows. 
The process begins by setting all external variable 

values (parameters and global variables) to scalar Code 
GenFAndGradF (Appendix F) instances and all argu 
ments to CodeGenArgumentFAndGradF (Appendix 
H) instances with appropriate derivatives activated. 
The method "generateCodeInContext:” is then sent to 
each code block. The receipt of this message first cre 
ates a new instance of TspiceCodeGenBlockNode (Ap 
pendix S). Each block sends the same method, 
generateCodeInContext: , to each of its assignment, 
if-else-then, and while, statements. 
The TspiceModelAssignmentNode (Appendix J, 

page 3, bottom) is the top node representing the assign 
ment expression used in the example of FIG. 2, and it 
receives the generateCodeInContext: message. It has 
two parts, a variable on the left-hand-side and a value 
for that expression on the right, and it forwards the 
generateCodeInContext: message to its right-hand-side, 
the value. The variable is represented by an instance of 
TspiceModel VariableNode (Appendix J, page 6), hav 
ing the name 'x' (string 'x' in SmallTalk notation) and 
an arrayReference indicating the address at which the 
variable value is to be stored in the variable context. An 
arrayReference consists of an ordered pair of integers 
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representing which array within an array of arrays is 
referred to and the offset into that array. 
The right-hand-side of the TspiceModelAssignment 

Node, the value, is represented by a TspiceModel 
BinaryNode (Appendix J, page 4) whose key is the 
symbol constant "#--', and which has a preValue and 
a postValue. The prevalue is a TspiceModelFunction 
Node (Appendix J, page 5, top) having a key whose 
symbol constant is "#exp' and arguments, which are 
generally stored in an array, although in this instance 
the Array has only one entry, a TspiceModel 
BinaryNode representing the multiplication (key "#") 
sign. The same message, generateCodeInContext:, is 
sent to each of these nodes also. 
The prevalue of the TspiceModelBinaryNode "#" 

is a TspiceModell UnaryNode (Appendix J, page 5) 
whose key is "#changeSign' and whose value is a 
TspiceModelVariableNode (Appendix J, page 6) with 
name 'a'. The TspiceModel VariableNode for 'a' also 
contains an array reference indicating its array and 
location within that array. The TspiceModelVaria 
bleNode (Appendix J, page 5) returns its value, an ex 
ternal variable or an argument, in the form of CodeGen 
FAndGradF which includes the derivatives of the vari 
able with respect to the arguments. 
The TspiceModel UnaryNode above the “a” variable 

node negates the value that it receives and returns it 
upward, again in the form of a CodeGenFAndGradf. 
The right-hand-side or postValue of the TspiceMo 

delBinaryNode with key "#" is the TspiceModel 
VariableNode with name "b', which also has an ar 
rayReference. Again the value returned is in the form of 
a CodeGenFAndGradf. 
The TspiceModel BinaryNode with key "#" also 

returns a value in the form of a CodeGenFAndGradR 
to the TspiceModelFunctionNode to which it is the 
prevalue. 
The TspiceModelFunctionNode with key "#exp” 

performs its function, in this case exponentiation, on the 
CodeGenFAndGradf's, and returns a value in the same 
form to the binary node above it. 
The postValue of the TspiceModelBinaryNode with 

key "#--' is a TspiceModelLiteralNode (Appendix J, 
page 5) with a key whose value is the literal “1.0d0” 
which is returned in the form of a CodeGenFAnd 
Gradf. 
The "+” binary node above now has both a pre 

Value and a postValue and can perform its operation 
and return CodeGenFAndGradf to the node above it, 

5 

10 

15 

20 

25 

30 

35 

40 

45 

which is the TspiceModelAssignmentNode at the top of 50 
this parse tree. 
The TspiceModelAssignmentNode (Appendix J, 

pages 3-4) now takes the value returned and puts it in 
"cGValue', registers the name of its variable and the 
names of the derivatives of that variable in the context, 
and enters the coValue in "variable' which has the 
form shown for the method TspiceModel VariableNode 
(Appendix K). The TspiceModel VariableNode stores 
the result for the value back into the context, so that it 
can be accessed by later expressions, creates a 
TspiceCodeGenAssignmentNode (Appendix L) and 
gives it the name of the variable and the value that it 
holds. The TspiceCodeGenAssignmentNode is then 
passed back to the TspiceModelBlockNode. TspiceMo 
delBlockNode manages temporary assignment state 
ments to avoid re-execution of common sub-expres 
sions. TspiceModelBlockNode uses the TspiceCodeGe 
nAssignmentNode just created to put the value in fAnd 
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GradFValue, reassign the value to be just the function 
part, adds self to the block node, and then cycles 
through the active derivatives naming and calculating 
gradient values (Note 12, Appendix L). 
To summarize in a simplified manner, generateCo 

deInContext messages are passed all the way down the 
tree and CodeGenFAndGradF's are passed back up to 
the assignment level, and the latter return 
TspiceCodeGenAssignmentNodes to the TspiceCode 
GenBlockNode. 
Appendix M, TspiceCodeGenValueNode, is a super 

class object of the classes TspiceCodeGenBinaryNode, 
TspiceCodeGenUnaryNode, TspiceCodeGenFunc 
tionNode, TspiceCodeGenVariableNode and 
TspiceCodeGen Literal Node. It contains most of the 
methods used by all of these code generating nodes and 
implements these methods for all of the subclasses. 
Some of the methods used perform minor optimiza 

tions of several types. Whenever the raise-to-a-power 
function might be used, a check is made to see if a small 
integer power is involved, in which case multiplication 
is used instead to enhance efficiency. And, if the number 
to be raised to a power can be determined to always be 
positive, the log and exponential functions are used 
instead, as being faster than the raise-to-a-power func 
tion. 
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APPENDDX A 

* Lex input for lexical analyser for MDS model-description language. 
SAuthor: graeneb S 
SRevision: 1.2 s SDate: 90/01/15 5:34:34 s 

ar SSource: /tekcae/usrs/cae/projlib/inds/model.Language/Rcs/nds. ex v S 

include "y. tab.h" 

letter a-zA-2 

digit (0-9 

alphanumeric (letter (digit}} 

idertifier letter (alphanumeric * 

whiteSpace \tvn 

punctuation () \\ { } : 

assigrittentOperator 

arithmeticOperator (+\-r/M) 

relational Operator ((<> si si <->-) 

boolean Ard S& 

booleanor 

lot : 

union www. 

engineering Factor (afonunkat limes) 
unsignedInt digit} + 

exponent (\tunsigned Int} \* { unsigned int} { unsignedIn 
exponentifactor e (exponent} 

scaleFactor (texponentfactor} | { engineeringfactor) 
fraction W. digit 

Itantissa (\- (unsigned Inti (unsigned int} { fraction unsignedin; 
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unsignedConstant (mantissa scale Factor; I [martissa) 
ccine. / e i v i r ( far/ r" / " " n " (My) r"r r" / 

other 

modeldefinition printf("vtvts\n", yytext; 
return MOD2L DEFINITION; } 

defaultiparameterValues printf("vts\n", yytext); 
return DEFAULT. PARAMETER VALUES: } 

argumentIndependent Equations printf("\ttsvn", yy text); 
return ARGUMENT INDEPENDENT EQUATIONS; } 

topologicalDescription (printf("vts\n", yytext); 
return TOPOLOGICAL DESCRIPTICN; ) 

argument efinition printf("vts\n", yytext) ; a 
return ARGUMENT DEFINITION; } 

argument dependenteculations printf("Wts s \in", yytext); 
return ARGUMENT DEPENDENT EQUAECNs; ) 

output printf("vtvti svn", yy text); 
return OUTPUT: 

if printf("Vtvttsvr", yy text }; 
return IF 

else printf("\tvts\r", yytext); 
return ELSE; } 

while printf("vt \t ksyn", yy text): 
return WHILE 

halt printf("vt. Wttsvr", yy text); 

return HALT; } 

print (printf("\tvt.svn", yy text); 
return PRINT; ) 

pad printf("\t \ts\n", yytext); 
return PAD; } 

node printf("\tvtsyn', yy text); 
return NODE; } 

branch printf("vtvt.svn", yy text): 
return. BRANCH; 

unknown printf("vityts\n", yytext); 
return UNKNOWN; } 

collapseTo printf("wtvitt svn", yytext); 
return Col. LAPSE TO; } 

units printf("vtvts\n", yytext); 
return UNITS; } 

a CaOSS printf("vtvt svn", yytext); 
return ACROSS; 

value printf("vtvt.svn", yytext); 
return VALUE; } 

through Walteor (printf("vt \ts\n", yytext); 
return THROUGH VALUE FOR; } 

constratfor (print ("Wit Wts\n", yytext; 
return CONSTRAINT FOR; } 

tunsigned constant } {print ("Constant vt ksvr:", yytext); 
return UNSIGNED CONSTANT; } 

identifier printf("Identifier \t svir", yytext); 
return IDENTIFIER; 

assignitentperator) {printf("Assign:cent \t s\n", yytext): 
a return the operator character * 
return ' ' ; } 

{arithmeticOperator printf("\tvt svn", yy text): 
A return the operator character / 
return (int) yytext (0; } 

relational Operator) printif ("Relop\, t \t is \n", yytext); 
return RELATIONAL OpERATOR; } - 

(boolean And {printf("Boolean And \ts svn", yytext): 
return BOOLEAN AND; } 

booleanor (printf("Booleanor vti svir", yy text); 
return BOOLEAN OR: } 
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printf("Union Vts\r", yytext); 
return UNION: 

whiteSpace} 

punctuation (print ("\t \t s\n", yytext): 

not 

return (int) yy text (O); } 

(printf("\t \t s\n", yytext); 
return (int) yytext (C; } 

cominent printf("Corunent \t is \n", yytext): 

other 

f 

printf("legal charrrrr \t Svin", yytext); 
return -l; /* error condition r v 

APPENDIX B 

Yacc input for parser for MDS model-description language 

Notes: 
A "sequence" is zero or more items. 
A "st" is zero or more items separated by cottas. 

SAuthor: graeneb S 
sRevision: 1.2 S SDate: 90/01/15 15:35:47 S 
ssource: /tekcaea usrsa caea prolib/inds/model Language/RCS/mids.yacc v S 

include (stdo.h> 
extern charyytext: At current token. A 
extern intyylineno; A current input line number w 

nain () 
yyparse (); 

yyerror (s) 
char s; 

fputs (s, stderr); 
fprint f (stderr, " on line d, token 's'.", yylineno, yytext): 
put c (vin', stderr) ; 

A 
Keyword token declarations 

ar 

o/ 

4 token MODEL DEFINITION v rodelDefinition ey 
stoken DEFAULT PARAMETER VALUES /* default parameterValues / 
stoken ARGUMENT INDEPENDENT EQUATIONS / " argument Independent Equations / 
A token TOPOLOGICAL DESCRIPTION a topological Cescription Af 
4 token ARGUMENT_DEFINITION a argument Definition s/ 
Stoken ARGUMENT DEPENDENT EQUATIONS / argument Dependent Equations 4 / 
token OUTPUT A output w/ 
toker IF A if t/ 
toke ELSE A else r/ 
toker WILE A while b/ 
token ALT - At hit af 
toker PRINT v print 4 / 
toker PAD a pad ry 

stoken NODE A?t node - . . / 
token BRANCH A brarich w/ 
token UNKNOWN A unknown e/ 
token COLLAPSE TO A collapseTo e/ 
Stoken UNITS A units a/ 
toker ACROSS A across s/ 
token WALUE A value / 

4 token THROUGH VALUE FOR /* throughvalueFor s/ 
4 token conSTRAINT FOR A constraint for e/ 

A 
w m W 
At WV f V 

symbol actual language string 

wr Generic token declarations 

token 
token 
token 
toker 
token 
token 

* (Single-character tokens represent themselves 

UNSIGNED CONSTANT .. 
IDENTIFER 
RELATIONALOPERATOR 
BOOLEAN AND 
BOOLEAN OR 
UNION 

26 
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start prinitiveDefinition Sequence 

A 
* The term sequence is used to refer to zero or more items. 
* The term list is used to refer to zero or more comma-separated items. 
s/ 

primitivedefinitionsequence 

primitiveDefinitionSequence primitiveDefinition 
/w rii t / 

primitivedefinition 
: MODEL DEFINITION IDENTIFIER blocks output Modifier 

blocks 
: defaultiparameterBlock argument.IndependentsquationsBlock 
topological Description block argumentidefinitionBlock 
argumentdependent EquationsBlock outputBlock 

default Paracteterblock 
DEFAULTPARAMETER VALUES assignmentsBlock 
/ w rail w/ 

argumentindependentequationsBlock 
: ARGUMENT INDEPENDENT EQUATIONS statementBlock 

/ ni wa 

topologicalDescriptionblock 
TOPOLOGICAL DESCRIPTION ( topological Elementsequence " ' 

argument definitionBlock 
ARGUMENT DEFINITION (’ argument.Assignment Sequence 
/* nil e/ 

argument.Degendent EquationsSlock 
ARGUMENT DEPENDENT EQUATIONS argumentDependentstatementsequence ) 

outputBlock 
OUTPU state?tertsock 
/* nil s/ 

assignmentsBlock 
: ' ' assignmentStatement Sequence 
P 

assistentState:Tert Sequence 
assignmentStatement Secuence assignment Statement 
/* nil rv 

statellertBlock 
' ' statement Sequence 

tcpclogicallelement Sequence 
: topological Element Sequence topological Elerient 

/ nil */ 

topologicallerment 
: paddefinition 
:ccedefinition 
oranchdefinition 
unknowndefinition 

paddefinition 
PAD IDENTIFIER units Specifier 

rodedefinition 
NODE IDENTIFIER units Specifier collapsemodifier 

branch Definition 
BRANCH IDENTIFIER IDENTIFIER IDENTIFIER units specifier 

unknowndefinition 
UNKNOWN IDENTIFIER unitsSpecifier 

units Specifier 
: UNITS EDENTIFISR 

28 
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: : COLLAPSE TO (* IDENTIFIER , IDENTIFEER . . . . 
w ri) i? 

argument Assignment Sequence 
: argumentassignment Sequence arguiertassignrilent 

P 

artinentassignment 
IENTIFIER - Tapin argument LineMediaier 

mapin 
: acrossMapIn 
valueMapIn 

acrossMapIn 
: Across IDENTIFIER IDENTIFEER 
AcRoss ( IDENTIFIER IDENTIFIER IDENTIFIER 

r 

valueMap 
wALUE ( IDENTIFIER 

argumentLineodifier 
: " : argumentModifierList : 
Aw ni wa 

arguinentModifierList 
argumentModifiertens 
fir rail. A 

argumentModifierters 
: argumentModifierters , arguinentModifier 
argurentModifier 

F 

arguertModifier 
EFER 

inituretior 

Initiunction 
limitFunctionIdentifier expressionist ) 

limitFunctionIdentifier 
IENTEER 

argument dependent statementsequence 
argumentoependent Staterleitsequence arguirertependentistasterers 
f * nil. A 

argumentdependent Statement 
: statement 
trapotassignment 

rapcuttassignment 
Tapout to assigned Value 

throughValueMapCut 
rapCut 

constraintMapout 

throughValueMapOut 
: THROUGH VALOE FOR ( IDENTIFIER ) 
| THROUGH VALUE FOR IDENTIFIER , IDENT:FIER ) 

constraintMapout 
consTRAINT FOR (* IDENTIFIER ) 

statement Sequence state rent 
statement Secuence 

/ ri A 

salese 
: assignmentStatement 

ifStatement 
whileStatement 
halt Staterest 
printStatement 

assignmentStatestent 
IDENTIFIER assignedValue 

30 
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assignedValue 

: expression assignitentModifier 

expression 
eer 

i expression + territ 
expression - term 

f 
terr factor 
term f factor 

a factor 
primary 
primary 71 factor 

primary 
: ( expression ) 
functionIdentifier expressionList ) 
DENTIFIER 
UNSIGNED CONSTANT 

functionidentifier 
ENTFER 

expressier List 
expressionItems 
A 1 a 

expressionters 
expression 
expression.Items exeression 

assignitentModifier 
: i.egalDorainModifier outputmodifier 

legalDorainModifier 
: , legalDorrain 

A * rail. A 

legalDorain 
: legaDomainCorporest 
legalDomain UNION legalDora in Component 

legalDoraincomponent 
iegalDorainPrimitive 

legalDorainprintive 

legalDorainprimitive 
range 
set 

rage 

a 

lowerBoundary Symbol 

uppersoundary Symbol 
: 

At ni. “A 

output...ist. 
outputItems 
A r ill. A 

outputIters 
output List , IDENTIFIER 
IDENTIFIER 
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lowerBoundary Symbol expression , expression upperBoundary Syribol 

32 



Statement 
F condition statementslock elseStatement 

condition 
: ( booleanexpression 
p 

elseStatement 
ESE statementock 
a ni tw 

boolean Expression 
booleane. It 

i boolean Expression BOOLEAN OR booleanTerri 
w 

booleanTera 
: booleanFactor 
booleanTerm BOOLEAN AND booleanFactor 

booleanFactor 
booleanPrimary 

booleanPrimary 
expression RELATICNAL OPERATOR expression 

( boolean Expressior: ) 
( booleanexpression 

whileStatement 
E code or state:certsock 

hatstaertent 
: A 

printStatement 
: PRINT expression 

rodedefinition d 

A Tekspice diode model. 

SAuthor: graeneb S 
SRevision S Sidate 90AOA5 12s. 40 s 
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APPENDDX C 

sSource: Atekcae ?usrów caea prolib/mcis model Definitions/Rcs/civ s 
rf 

defaultaateterWales 

A1. , (0.l., infinity) 
A Flicker noise exponent. A 

AREA 0 , (0, 0, infinity) : biassensitivity : 
w"Scaling factor. * A 

BV-infinity (0.0, infinity : bassensitivity 
f*Reverse breakdown voltage. A 

CJO0.0 0.0, 000) 
2ero-bias Junction capacitance. A 

EG. O.1 2.0 : bilassensitivity : 
Aenergy gap potential. A 

FCsao. 5 , (OO .0) 
a Forward-bias unction capacitance. A 

BV-le-3 , (O. O., infinity) : bilassensitivity : 
a current at the reverse breakdown voltage. A 

S-le-l4 , (0. O, O.O.O. : bias Sensitivity : 
A*Saturation current. A 

KFO. O. O. O., infinity) 
WFlicker noise coefficient. A 

M0.5 , (O. O. O. 9 
a Depletion capacitance grading coefficient. A 

Nl.0 , (0.0, 5.0) : biassensitivity : 
AEission coefficient. A 

Bll... O , (0.0 infinity) 
wbuilt-in junction potential. A 

PT-3.0 , (0, 0, 5.0 : bias Sensitivity 
a Saturation current temperature exponent. A 

RS-0.0 , (0.0, infinity) : bias Sensitivity : 
/*Series ohmic resistance." / a. 

34 
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SATE won , off on 
A "The Initial conductive state of the device. A 

T-0. 0 , (0.0, 0.001 
7Transit time. */ 

WOsO.0 
/initial junction voltage. "A 

argurner independent Equations 

gs-AREA spiceInvert (RSO) 

traterp-273.15 
to stron-273.5 
rato a twto 
vt-k* t/c 
nvaN* v. 

/calculate the coefficients for the modeling of the breakdown region */ 
if { BV < infinity ) 
{ invto-N* k" to/q 
bva-Sirnvto No 
bid AREA*Is (exp (-5) -l) 
bg.dr.AREAES exp (-5) /nwto 
xbvMust Bedetermined true 
iteration Counts O o 2 
xbwr-BV 
while (xbvMust sedetermined-astrue) 11 
kov-BV"nvtolog(1+ (IBV+bid+bgd" (xbv-bv: -grain rav) / (nvto-ba 
bvbid “bgd" (xbv-bvi) -grain"BV-nvito"bad" (exp( (xbv-Bw)/nvoy 
iteration Countriterationcount +l , , 253 
if ( abs (bv+BV) <n reltolt Ibv 
xbvMustaeDeterminedrfalse ) 

else 
{ xbvMustbedetermined intrue 
} 

else 
xbv wt-infinity 

/ transform model parameter values to temperature adjusted values"/ 

is Is AREArexp (EG ratio-l) /nwt) "ratio (PTAN) : tempAdust : 
eg-l. 16-0.000702 (tt / (t+1108)} 
wrefuswvt log (ratio) reg-h1.50877" ratio 
pb-FB" ratio-vref : tempadjust : 
coco" AREA* (1+M (0.0004* (t-to) + (l-pb/P3) )) : tempAdjust : 

Arconstruct the linear coefficients used to define junction currents 
in their linear approximation regions / 

lvin-5"nvt 
lidis" (exp (-5) -l) 
lqd-is "exp (-5) /nvt 

topologicalDescription { 
pad anode units-volts 
pad cathode units volts 
node iAnode unitsavolts : collapseo (anode, RS) : 
branch function Anode cathode unitsratps 
branch resistor anode Anode unitsamps 

argumentdefinition { 

vaacross (i.Anode, cathode) : spiceJunctionLimit (nvt,is STATE) : 
vs across (anode, Anode) 

argumentdependentequations 

if v > liv) 
idis (exp(vivnvit} -l) +gain" v. ) 

else 
idolid-ligd" (v-lvi) --grain." v ) 

/* determine the charge shared between the internal arcode and cathode / 

qdarspiceDepletionCharge (vi, co, po, M, FC) +*id 

A "construct the squared noise amplitudes "a 
rrs - 4 kt *gs 
nid-2cabs (id) 
nfn-KFrabs (id) AF/freq 

throughValueFor (unction) mid-ddt (ad) + noise inid) +noise (nt) 
through ValueFor (resistor) rigs vs+noise (nirs) 

36 
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output { 

ID'd : bias, initial Ac : 
Wid-wijt-vs : bias, initialAc : 
ReQ-7 gradient (id, v) : bias, initialAc : 
CAP rgradient (Gd, v} : bias, initial Ac : 

AP-NDDX D 
f we e we a are os w w w up to as a eve of v e o or wee e A era e e o a 

e ssources viceaua caedev probatids RCS/d. c. v. S 
s SRevision: i. 6 S 
a state 90/06/26 ill:8:28 S 

dP P. PeF 

This program is the property of the cax center, TEKTRONIX, INet. 
and is protected under U.S. copyright law as unpublished work 
and, may not be distributed to, O2 copied by, persons outside of 
TEKTRONIX, INC. Without express written permission. Use of this 
program is subject to the terms and conditions of the license 
granted by the cax center, TEKTRONIX, INC. disclosure of this 
program or use not authorized by the license granted by the cax 
center, TektroNIX, INC., is strictly forbidden. 

w w w is a wr w w w w w w w w 0 w w w w Wew s rves or so owes so so ev 

include crimitives. 
include "d." 

ws Run the arcuittent independent code for one element *f 
in 
Ard (element, circuit) 
circuitarinitive element: 

ork s circuitdata circuit: 

double di 
-7 if (Rs - 0.0} { 

so D - 0.0; 
else 

D - 1.0 RS; 

gs - AREA pl; 
t a 273.5 + terp; 
to - 273.15 "trou 
to t w to 

wt a k t w q: 
rivt in N wit: 
if (Bv < in inity} { 

nvto k n N to v q; 
bv m -5.0 nv to: 
bid in ARA IS -0.993262OS3OCO94: 
bid - Area Is 0.006737.946999Ca547 nv to: 
xbvusaece tertained a true: . 
iteratoricon O.C.: 
xcv wa -3W; 
while (xbvistsedecessaired -- tree) 

xbv SV * invito log (.0 (bid 3v bcd txay - vs - sv - ibv " bid * bgd {xtv bvi) - BV criti - bcd invits exay - 
teration:Court a 1.0 - teratis:count: : 

- i ( (.0 < iterationcouis G3 25.0">e iterationcours e 
VALUE cut OFRAGE (ter C 
. 

i2 (A3S (bv - Iav) <- Iav reitoi . . - 
xbviustaedetectined in Ease: - 

} / (bcd invito: 
rvo) is .0}; - 

else 
xbvtust3ece terrained a crue: 

else 
xbv or -inity; 

is - AREA Is exp (EG ratio - 1. C / inve) tow ratio , p r v N. 
ec - . 16 - 7.02e-4 t / 38.0 - c.; 
vre? a 3-0 vt log ratio) - ec + ...iscs 77 a ras 
ce - ea ratio - vre; . 
co - AREA Co (i.0 + M. (4. ce-4 (t - to 1.0 - pa 
lvi - -5.0 invit; - 

c - -0.993262CS3COC914 - is: 
ligd - 0.006737946999C8547 is / nvit: 
rrs - 4.0 k gs: 
resistor vs gs; 

rett: (CXAY); 
- . - . . . 

/ 3eset arguinents using the designated so it on vector / 
4 wer 

Rad (loader, solutionvector) 
e!erent Loader loader: 
double solution vector; 

register in it 
circuitarianitive element: 

o: (- = 0: -i. K loader->num Eienents: ise) { 
Y 

element - loader->elements(11: 
v as solutionvector ivi plus --solutionvector (v3 rinus; 
vs r solutionvector (vs plus 1 - solutionvector (vsninus: 
f* and for loop over elements if -- 

return OKAY}; 
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• Run the transient code for one element a 
int 
TRd (element, circuit) 
circuit.primitive element: 
circuit Data circuit 

double pl; 
double D2; 
if (v > xbv) 

if (vi > lv.) { 
id - is (exp(vi / nvt) - l; 0 + grain v3: 
idv3 - is exp(vi / nvt) 1.0 ? invt + gn in: 

else 
id - lid + lqd (vj - livy) + grin - vi; 
id v3 w gri, n + kgd: 

else 
1d a lid + lqd (xbv - livi) - lqd nvt (exp(txbv - v3) / nvt) - i.o) + grain a vil: 
Advj - - (lod invt exp ( (xbv - v3) / nvt) -1.0 ? invt) + gain: 

if (vij > FC pb) { 
Dl - ( (vi) - FC pb) cjo M / ( (1.0 - FC) - pew (i.0 - Fc , M) • pb a 2.0 + co w -- powo - FC My 

} p2 - {v} - FC pb) co M / (l: 0 - FC) pow (i.0 - FC. H) pb a 2.0 co / pow (i.o - FC . . . y 
else 

D1 - (1.0 - pow (1.0 - vs 1 pb 1.0 - M) ) ejo pb / ... O - M); 
D2 - - ( (1.0 - M) POW (1.0 - vs pb , 1.0 - M - i.o) • - (1.0 / pb) co, pb / to - My 

qd - D1 + id Tr; 
qd v3 - p2 + 1d v3 TT: 
junction a 1d + DDT tad , 0): 
junction v3 - id.lvi + DDT DERIVATIVE (qd vi); 
resistor a gs vs; 

a trans lent initializing loader -- "Transient Loadet Totnitializedperators" / 
f 
rid (loader, circuit, convergeticee ossible) - - - 
int convergence Possible: 
element loader loader; 
circu Ltdata circuit; 

register in t : 
circuit.primitive element; 
double rhs: 
double solution vector; 

solution vector - circuit->solutionvector: 
rhs - circuit->solution.rhs: 

(or - 0; i < loader->num Elements; ++) 

element - loader->elements {i}; 

virposed solution vector (vipius r solutionvector (vinus; 
vs imposed solutionvector (vs plus - solutionvector (vs. nnus: 
w Update arguments */ 
vj s? icebreakDCNJUCTIONLIIT (varg, nv t , is , x t , convergercepossible: 
vs - UPDATE-REFERENCE ARG WITH_UNLIMITED VALUE (vs arg); - - - 

A Run the transent code f 
TRd (element, circuit): 
w end for loop over elements w 

/* Trans ent non-bypassing loader -- "Transient load usingPredicted solutionvector / 
irt 
fed (loader. c1rcuit, convergence Possible) 
int "convergence possible: 
element Loader loader; 
circuit Data circult; 

register int i ; 
circuit Primitive "element; 
double rhs; 
double "solutionvector: 

solutionvector - circuit->solutionvector; 
rhs - circuit->solution.rhs; 
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for (i = 0; i < loader->num Elements; litt) { 

element is loader->elements (i); 

vj imposed - solutionvector Evil plus) - solution vector (vijninus}: 
vs imposed solutionvector (vs plus) - solution vector (vs. nints; 
w Update arguments A 
v - SPICE BREAKDOWN JUNCTION LIMIT (vi) arg , nv t , is , xbv , convergences ossible); 
vs - UPDATE REFERENCE ARG WITHUNLIMITED VALUE (vs arg); 
?t Run the transient code A 
TRd (element, circuit); 
A * Run the mapout code */ 
ADDNN (junction Tapout v . Junction vi); 
ADON (rhs junction res , 3unction - junction v v3); 
ADDNN (resistor napout vs A. resistor vs) ; 
wt end for loop over elements f 

wt Transient non-bypassing loader -- "LoadUsing SolutionWector a 
rt 

TN d (loader, circuit, convergencePossible) 
int convergencepossible; 
elementoader loader: 
circuit Data circuit; 

register int. ii. 
circuit Primitive "element; 
double "solution vector; 
double rhs; 
double surn; - . 
double absoluteTolerance; 
double relativeTolerance; 
solutionvector - circuit->solutionvector; 
rhs r circuit->solution. rhs; 
absoluteTolerance a "circuit->absoluteTolerance; 
reiativeTolerance - "circuit->relativeTolerance; 

for 0; i < loader->num Elements; _i++) 

element loader->elements (i); 
element->bypass - FALSE; 

vj imposed soilution Vector v. plus - solution:vector (virings; NOT 
vs imposed - solution Vector (vs plus - solutionvector vs ; 

if (* convergencePossible) { 

A calculate delta arguet waites A 
vj delta is v3 imposed - v; 
vs delta r vs. imposed - vs; 

A update linear results a 
sun a junction vi videita; 
junction linear - junction + sun; 

A * Update arguments a v 
vi - SPICE BREAKDOWN JUNCTION LIMIT (vid arg nv t , is , xer , ceiverger:ces assiae : 
vs - UPDATE REFERENCE ARG WITH JNLIMITED VALUE (vs arg); w 
A R the tarsier code A 
TRd (ele?cent, circuit); 

w" perfort linearization check 
if ("convergencePossible) { 

convergencepossible (fabs (unction - junction irear < 
fabs (unction) * relative clerance at sceoilerance; 

A Run the trapout code */ 
ADDNN (junction Tiapout vi , junction v3); 
ADDN (rhs , junction res unction - Jun tion v3 * vi); 
ADDNN (resistor mapout vs resistor vs); 

A end for loop over elements */ 

A Transient output loader -- "Run code to set values before printing outputs r 
int 
Tod (loader, circuit, fciansr) 
FILE * faAnsr; /* input -- file descriptor of ansr file */ 
elementLoadier loader: 
circuitdata circuit; 

return (OKAY); 

A Run the dic code for one elerent. A 
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irit 
DC d element, circuit) 
circuit Primitive "element: 
circuitdata circuit; 

if (v > xbv) 
if (v3 > lv.) { 

id is * (exp(v) rvt) - i.O) + gain * w; 
id v3 r is exp(v) / nvt) * 1.0 / nv t + gmin: 

else 
id lid + iod * (v) - iv) + gnin v; 
id vis a grnin + ligd; 

else { 
ild - lid + ligd " (xbv - lv.) - ligd invt (exp ( xiv - vi) / nvt) - 1.0) + grain r v; 
id vi - - (lgd " nvt " exp ((xbv - v3) / invt) * -l.0 / nvt) + gnin; 

junction id; 
junction v - id. vii; 
resistor a gs * vs; 

wr Bias topology check loader -- "LoadUsing signs" w 

i.S. d (-loader, circuit convergencePossible) 
int convergencepossible; 
elementioader loader; 
circuitpata "circuit; 

. . 

register int i: 
circuit Primitive "element; 
for i = 0; i < loader->num Elements; it ) { 

element roader->elettlerts (i); 

* Rur, the argument independent code A 
AId (element, circuit); 
A 
* Set initial argument values to 0-0 
t/ 

vj imposed 0.0; 
vs imposed 0.0; 

f ir 
* Initialize reference arguments with initial (flag) values 
* The litriting function will test for this value 
w/ . . . 

v - POS INFINITY; 
vs - Pos INFINITY; 

A * Update arguments */ 
v - SPICE BREAKDOWNJUNCTION LIMIT (viarq , invt , is , xby , 
vs - UPDATE_REFERENCE ARG WITH JNLIMITED VALUE (vs arg); 

cc erge:ace assic, e); 

A Run the DC cede A 
DC d (element, circuit); 
A * Run the mapout code */ 
w" Tapout the sign of tie results to the ratrix A 

ADONN (iunction mapout viš, SIGNUM (Junction vi )); 
ADDNN (resist or napout vs. SIGNUM (resistor vs. )); 
A end for loop over elements "f 

A * Bias initializing loader -- "LoadUsing InitialArguments" a 

BI_d (loader, circuit) 
elementLoader "loader; 
circuitpata circuit; 

register int. ii. 
circuit Primitive element; 
double "rhs; 
double scalevalue; 

scalevalue max (1.0e-6, stepperVariable); 
rhs - circuit->solution.rhs; 

for i r 0; i < loader->nur Elements; it--) { 

element loader->elements (i); 

v. Run the mapout code */ 
A Scale results if element is off if 
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if (sTATE - OFF) { 
ADDNN (junction mapout vi 
ADDN (rhs , junction res 
ADDNN (resistor mapout vs 

junction vi) * scaleValue); 
scalevalue * (junction - jurction vi v)} : 
resistor vs " scalevalue); 

else 
ADDNN (iunction Mapout vi , junction vi); 
ADDN (rhs , junction res , junction - junction vi vi); 
ADDNN (resistor mapout vs , resistor vs); 

} 

} v end for loop over elements w 

w* Bias non-bypassing loader -- "LoadUsingPredicted Solutionvector" a 
int 
BPd (loader, circuit, convergencePossible) 
int "convergencePossible; 
element Loader loader; 
circuitdata circuit; 

register int it 
circuit Primitive element; 
double "...rhs; 
double solution vector; 
double scalevalue; - 

scalevalue r max (1.0e-6, stepperVariable); 
solutionvector - circuit->solutionvector; 
rhs - circuit->solution.rhs; 

for (i = 0; i < loader->num Elements; it *) 
element - loader->elements (i); 

vj imposed - soilution vector (viplus - solutionVector (vi 
vs imposed a solutionvector vs. plus) - solutionvectorivs 
A* Update arguments */ 
vi - SPICE BREAKDOWNJUNCTION LIMIT v arg , nvt , is , xev , 
vs - UPDATE REFERENCE ARG WITH UNLIMITED VALUE (vs arg); 

ccrvergence?ossite); 

/* Rur: the DC code "A 
DC d(element, circuit); 

/* Run the mapout code "/ . 
/* scale results if element is off / 
if (STATE OFF} { 

ADDNN (junction mapout v) , junction v scaleVase); 
ADDN (rhs , junction res scalevalue (junctio 
ADDNN (resistor napout vs resistor vs scaleVai, 

else 
ADONN (junction mapout vi , junction vi); 
ADDN (rhs , junction res , junction - 3unction v3 v); 
ADDNN (resistoriapout vs , resistor vs); - 

W* end for loop over elements A 
} 

/* Bias non-bypassing loader -- "LoadUsingSolutionvector" */ 
BNd loader, circuit, convergencePossible) 
int "convergence?ossible: 
element loader loader 
circuitData circuit : 

register int it 
circuit Primitive element; 
double "solutionvector; 
double rhs; 
double Surt; 
double absoluteTolerance; 
double relativeTolerance; 
double scalevalue: 

scalevalue - max (1.0e-6, stepperVariable) : 
solutionvector - circuit->solutionvector: rhs - circuit->solution.rhs: 
absoluteTolerance - " circuit->absoluterolerance: 
relativeTolerance - circuit->relativeTolerance; 

for ti - O; i < loader->num Elements; litt) { 
element - loader->elements (i) ; 
element->bypass r FALSE: 

vj imposed - solutionvector (v3-plus - solution Vector (vi?itius); 
vs imposed solutionvector (vs plus - solutionvector (vs. nius: 
if ("convergencePossible) { 
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/* calculate delta argurtent values / 
v3 delta vi imposed - vi); 
vs delta - vs imposed - vs; 

w" update linear results */ 
surn a junction v3 v3 delta; 
junction linear r junction t sun; 

/* Update arguments */ 
vj - SPICE arEAKDOWN JUNCTION LIMI - g rivt , is , xev cctvergencescssiae); 
vs in UPDATE_REFERENCE ARG WITH_UN 

v 
TED VALUE (vs arg); 

T 
IM 

/* Run the DC code */ 
DC d (element, circuit): 
A * perfort, linearization check / . . - 
if ("convergencepossible) { 

* convergence Possible - (fabs (unction - junction linear} <s 
fabs (junction) " relativeTolerance r acseteroierance): 

f* Run the mapout code */ 
f" Scale results if element is of "/ 
if (sTATE in OFF} { 

ADDNN (junction mapout v3. , unction v3 * scaleValue}; 
ADDN (rhs , junction res , scalevalue " (junction - urctica v v)); 
ADDNN (resistor mapout vs , resistor vs " scalevate); 

else { 
ADDNN (3unction mapout v ., junction v3); 
ADDN (rhs , junction-res , junction - junction v vi); 
ADDNN (resist or ?hapout vs , resistor vs); 

} 

A end for loop over eleinerts */ 
} 

/* Bias bypassing loader -- "LoadUsingSolutionvector with bypassing." o/ 
int 
BB_d (loader, circuit, convergence?ossible) 
int convergencePossible; 
element Loader loader; 
circuitdata " circuit; 

register int i: 
circuit Primitive "element; 
double "solution vector; 
double rhs; 
double sum; 
double absoluteTolerance; 
double relativeTolerance: 
double vnTolerance; 
double scalevalue: 

scalevalue r max (1.0e-6, stepperVariable) ; 
solutionvector - circuit->solutionvector; 
rhs - circuit->solution.rhs: 
absoluteTolerance - " circuit->absoluteTolerance; 
relativeTolerance r * circuit->relativeTolerance; 
wntolerance - " circuit->vnTolerance; 

for (i = 0; i < loader->num Elements; ++) { 

element - loader->elements (i); 

element->bypass - TRUE; 

v3 imposed - solution vector (vi) plus) - solutionvector (v3 minus); 
vs imposed - solution vector (vs plus) - solution vector (vs. ruinus); 
A calculate delta argument values / 
videlta - viimposed - vi; 
vs. delta r vs. imposed - vs; 

A * update linear results */ 
sum - junction v * v- delta; 
junction linear - junction + sum; 
a determine if the dic code can be bypassed a 
if (element->bypass} { 

element->bypass - fabs (videlta) <- relative Tolerance 
MAX (fabs (vi) delta), fabs (virposed)} + vntolerance; w 

if (element->bypass) { 
element->bypass - fabs (vs delta) <- relativeTolerance * 

MAX (fabs (vs. delta), fabs (vs. irposed) ) + vnTolerance; 

if (element->bypass) { 
element->bypass - fabs (3unction linear - junction) k 

(relative'rolerance " MAX (fabs (junction linear), fabs (junction) ) + absoluteTolerance); 
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if (element-> bypass) { 
wr Update arguments */ 
vi) - SPICE BREAKCCWNJUNCTION LIMIT (varg, invt , is , xv. ceivergercepossible; 
vs - UPDATE_REFERENCE ARG wirii UNLIMITED VALVE (vs ass: - 
A Run the dc code of 
DC d(element, circuit); 

/* perform linearization check w/ a 
if (* convergence?ossible) { 

"convergence?ossible - (fabs (unction - junctic: rea) c. 
fabs (unction r relativeTo erace - absoluteolerance; 

/* end if (!_element->bypass) */ 

A Run the trapout code */ 
A Scale results if eiercent is of f 
if STATE sin OFF) 

ADDNN (junction flapout v ., junction vi scalevate) 
ADDN (rhs , junction res , scalevalue * junction - ::cticry r v)} : 
ADDNN (resistor Rapcut vs , resistor vs " scaleva: ge; -- 

else 
ADDNN (junction rapout v. , unction vi); 
ADDN (rhs , 3unction res , junction - junction v3 vi; ; 
APDNN (resistor. Tapout vs , resister vs) ; 

... w end for loop over elements w 
... 

/* Blas output loader -- "Run code to set values before printing outputsi ry 
int 
Bold (loader, circuit, faAnsr) 
FILE *fcAnsr; input -- file descriptor of ansr file r f 
element Loader loader: 
circuit Data circuit: 

register int i ; 
double D2; 

circuit primitive element; 
double solutionvector; 

solutionvector - circuit->solutionvector; 

for o; i < loader->num Elements; litt) 
element is loader->elements - 

v - solutionvector (vil plus - solutionvector (vianus: 
vs a solutionWector (vsplits) - solutionvectorsinus; 
ft Irelement was bypassed, update arguments and run DC code "f 
if element->bypass - TRUE) 

fe Run the dc code f 
DC dielement, circuit) ; 

A Run the output code "A 
f is no laiting or assignatients to arguraterts are dona here f 

if v > Fc pb) { 
p2 as (vi - FC pb) co f ( (l.0 - FC) pot (1.0 - FC , ) pb f 2.0 eo powto - sel, : 

else 
D2 r - ( (1.0 - M) pod (i.0 - vi / pb 1.0 - 4 - 1.c) s.c. v pb) e co e by to - ): 

qd v3 in D2 + idy Tr; 
B a di 
REO - low ild visit 
CAP is qdvi: 

WRITE, ELEMENT OUTPUTS loader->Outputapcircuit->outputsection, va 
element-elementurer): 

f end for loop over elements f 

return oka; 

As De output loader -- Run code to set values before printing outputs f 
int 
do a loader, circuit, fciansr) 
Frte ediansri v - input -- file descriptor of ansr file / 
alerientloader oader 
circuitbaca circuit: 

return okay 

seatic arrayreference locations 
5, 15. 
5, 17. 
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GallValuest 4, In Rangen, 
Gall Values 2), InRangeIN, 
GallValues 10, InRangen, 
gallValues (12), InRanges, 
gallValues 14, InSet 

Gactual Ranges (0, 1, 
sactual Ranges, l, 

, Gactual Ranges 2), l, 
&actual Ranges (3), l, 
gactual Ranges 4, , 
gactual Ranges 5, l. 
& actual Ranges (6, 1, 
&actual Ranges (7), l, 
&actual Ranges 8, 1, 
&actual Ranges (9), l, 
& actual Ranges(10), 

static 
struct rangeunion parameterRanges () 

shared Unions (O) 
s.shared Unions, 
G.shared Unions 2), 
& sharednions (3), 
& shared Unions (4), 
sharedOnions (5), 

G shared Unions (l), 
Gshared Unions (6), 
gshared Unions 7, 
g shared Onions (8, 
shared Unions (9), 
G.sharedOnions (ll, 
Gshared Unions (9, 
Gsharednions (7) 
Gshared Unions (lol, 
shared Unions (3 

initid (Rod) 
model Definition mod: 

register int : 

double doubleBuffer; 

(void) strcpy (mod->name, "d"); 
tod->num Arguments 2; 
mod->num Results 2; 
mod->nurn Intermediates - 12; 
mod->num Temporaries - 18; 
mod->num Pads - 2: 
mod->nurt Parameters - 16; 
mod->parameterDefaults - parameterDefaults; 
mod->parameterNames - parameterNames; 
nod->parameter Ranges r parameterRanges; 
mod->outputmap analysis outputs: 

doubleBuffer - CALLOC (47, double) : 
Juod->tempworkspace - CALLOC (18, fandfprime): 
for (i-0; i318; it+) { 

mod->tempworkspace (i.fval - 0.0; 
mod->tempworkspace (i).partialindex - 0: 
mod->tempworkspace (i.vectorSize a mod->num Arguments; 
mod->tempworkspace (i.fprime w doubleSuffer; 
doubleBuffer + 2; 

mod->deltaArgumentsWorkspace - doubleBuffer; 
double Buffer +- 2; 
mod->imposed ArgumentsWorkspace w double buffer; 
doubleBuffer +- 2: 
mod->linearResultsworkspace - doubleBuffer: 
double Buffer +- 2; 
mod->scaled ResultsWorkspace - doublebuffer; 
double Buffer + - 2; 
mod->outputsWorkspace doubleBuffer; 
mod->function Instances (BESSEL2 INDEX) O; 
mod->function Instances (DDT INDEX) = 1; 
tod-> function Instances (DELAY INDEX) - 0;. 
rod-> function Instances (INTEGRAL INDEX) - 0; 
mod->arg Indep Aid; 
rod->reset Arguments r RAd; 
Tod->tran Initialize TI d: 
mod->tran Predicted Soln - TP d: 
mod->tran NonBypass - TN d: 
mod->tran output r Tod; 
mod->bias Initialize r Brid; 
mod->bias Predicted Solin - BP. d: 
mod->signum Load - LS d; 
mod->bias NonBypass - BN d: 

54 
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mod->bias Bypass r BB d: 
mod->bias output Bod; 
Tod->de output Dod; 

mod->sourcestepped - FALSE; 
rod->stateIndex - 14: 

y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . were r * * * * * * * * * * * r * r * * * * * * r * * 
sSource: A vice/u/caedev ?pro lib/inds ARCS/d. h. v S 
SRevision: 1-3 S 
Scate 90 fos/26 ill:18:25 S 

This program is the property of the cax center, TEKTRONIX, INC. 
and is protected under U.S. copyright law as unpublished work 
and, may not be distributed to, or copied by, persons outside of 
TEKTRONIX, INC. without express written perTission. Ise of this 
program is subject to the terms and conditions of the license 
granted by the cax center, TEKTRONIX, INC. Disclosure of this 
program or use not authorized by the license granted by the cax 
center, TEKTRONIX, INC. is strictly forbidder. 

. . . . . . . . . . . . . . . . . . w w w a rew w w w w w w w w irr t w if t e i t t t w w w fit f 

define AF (* ( element->parameters (O))) 
define AREA (* (element->parameters (i))) 
define bod element->model->tempworkspace (6).fval 
cere BI element->model->tempworkspace (15).?val 
define bid element->model->tettporkspace5) fwal 

is define BIvi. element->model->tempworkspace (15). ?prime (O) 
cere BW (" (element->parameters (23) ) 
define bv. element->model->tempworkspace (4) fval 
cere c element->model->tempworkspace (17). fval 
cere co (* (element->parameters (3))) 
define co element->intermediates (5). val 
define eg element->model->temporkspace (10).fval 
define EG (* (element->parameters (4))) 
sdefine FC (* (element->parameters (5) ) 
define free circuit->terp variables (l).fval 
define grin circuit->temp Variables (10).fval 
define is element->intermediates (11.fval 
define ow element->model->tempWorkspace (9). fval 
define IBv (* (element->parameters (6)}} 
define id element->inter rediates (1) . fival 

A define id vi element->intermediates (l).fprine(0) 
define IS (* (element->parameters (7))) 
define is element->intermediates (7). fival 
define iterationcount element->modeli->tempworkspace (8. fival 
define junction element->results (O).fval 
define junction vi element->results (0. fprine (O) 
define junction linear element->model->linear ResultsWorkspace(0) 

is define junction mapout vi element->rap(0) (0. 
define junction res 0 

is define junction zeroArgs element->zero Argument Results (O) 
define KF (* (element->parameters (8)}} 

it define igd element->intermediates (2) fwal 
i define iid element->internediates (3) fwai 
define liv3 element->intermediates (4 ... ?ual 
defile M (* (eiement->parameters (9)) 
define N (“ ( element->parameters (lol)) 
define infn element->model->teapWorkspace (14), fival m 
define infin v3 element->riodel->tempworkspace (4) . fprime(0) 
define nid element->model->tempworkspace Cl3}. val 

is define mid vi element->model->tempworkspace (3}. fprine(0) 
define nes eiercent->model->tempworkspace (12.fval 
define invt element->interrediates (9). Eval 
define invito element->model->tempworkspace (3). fual 
define ph element->intermediates (6). fual 
define PB (* (element->parameters (ll}} ) 
define PT * (element->parameters Cl2))) 
define ad element-> inter mediates (O. fval 

J define adv} eiement->intermediates (O}. fprime (Ol 
is define ratio element->model->tempworkspace (l) . fual 
A define reltol circuit->temp. Variables lll ... fuai 
define REQ element->model->tempworkspace (1.6. fval 

a define resistor element->results lifval 
define resistor vs element->results (1.fprme (i) 
define resistor linear element->model->linear ResultsWorkspace (i.) 

fdefine resistor Tiapout vs element->rap (1) (li 
is define resistor res i 
define resistor zero Args element-> zero Argument Results (1) 
define RS (* (element->parameters (133) 
define STATE (" (element->parameters (143) ) 

A define telement->intermediates (10-fval 
A define temp circuit->temp Variables (2.fval 
define tinom circuit->temp Variables (5. fival 
define to element->model->tempworkspace (0. fval 
define TT * (element->parameters (ls) 

?ciefine vi element->arguments (O).fval 
?ciefine v jarg O 
define v constraint element->mapIns(Ol. plus 
define widelta element->model->delta ArgumentsWorkspace(0) 
define v imposed element->model -> imposed Arguments.orkspace(0) 

5 define v. Tinus element->mapIns(O). Itinus 
fdefine wipius element->mapIns(0). plus 
define vref element->model->tempworkspace (11). fval 

A define vs element->arguments - fival 
define vs arg l 

is define vs constraint element->rapIns(ii. plus 

56 
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faefine vs. delta element->model->deltaArgumentsWorkspace (1) 
faefine vs. imposed element->model->imposedArguments workspace (1. 
define vs linus element->Itapins (1) minus 
define vs plus element->mapIns( ). plus 
define vt element->model->tempworkspace 2. fival 
define xbv element->intermediates (8.fval 
define xbvMustbedetermined element->model->tempworkspace (7-fwal 
define stepperVariable circuit->stepperVariable 

APPENDIX E 

From Tektronix Smalltalk-80 version TB22.2a of May 05, 1988, 18:14:03. on 19 September 1990 at 4:45:52 pm 
ADS version: ARS.2c3aTEK.007 LBa6,020 

FAndGradf 

NumericByteArray variableByteSubclass: FFAndGradF FAndGradf 
instanceVariableNames: ' 
class VariableNames: Abs Add ArcCos ArcSin ArcTan ArcTan2 BinarySelectors Ceiling Coerce Cos 

DegreesToRadians Divide DoubleType Eq. ErrorDictionary Exp Floor FloorLog10 Fraction Part Ge Gt 
Imag IntegerPart Le Ln Log Logy Lt Max Min Mod Multiply Ne Negated PowerOf Ten RadiansToDegrees 
Raised To Real Real Imag RelationalSelectors Rounded Sin Sqrt STBinarySelectors STRelationalSelectors 
STUnarySelectors Subtract Tan UnarySelectors' 

poolbictionaries: ' 
category: 'Wector-Algebra’ 

FAndGradf cominent: 
This class is an arithmetic system that behaves like DoubleFloat for arithmetic operations. In addition, 
when arithmetic operations are performed, the partial derivatives with respect to a set of arguments are 
evaluated. See the class method 'initialize’ for the operations supported as primitives by the class. -- 
Primitive execution requires use of the special ADS interpreter. Smalltalk execution is provided for all 
operations if the special interpreter is not used. 

Author: 9 January 1989 graemeb; Modified: 30 Jan 1989 graemeb 

Class variables: 

BinarySelectors <Array> of selectors for the primitively-implemented binary methods 
UnarySelectors <Array> of selectors for the primitively-implemented unary methods 
RelationalSelectors <Array> of selectors for the primitively-implemented relational methods 

DoubleType <SmallIntegers code for DoubleFloat 1. 

ErrorDictionary <Dictionary> of Strings containing the error messages 
STRelationalSelectors <Array of selectors for the Smalltalk relational backup methods 
STUnarySelectors <Array> of selectors for the Smalltalk unary backup methods 
STBinarySelectors <Array> of selectors for the Smalltalk binary backup methods 

All of the below are of type <SmallInteger> and are the primitive codes for the primitively-implemented 
operators. 

Abs Add ArcCos ArcSin ArcTan ArcTan2 Ceiling Coerce Cos DegreesToRadians Divide Eq. Exp Floor 
FloorLog10 Fraction Part Ge Gt Imag IntegerPart Le Ln Log Logy Lt Max Min Mod Multiply Ne 
Negated Poweroften RadiansToDegrees RaisedTo Real Real Imag Rounded Sin Sqrt Subtract Tan 

accessing 
as DoubleFloat asDoubleFloat 

"Return the function value as a DoubleFloat." 
"Author: 1 Jan 1989 graemeb" 

fsuper at:l get:(DoubleFloat new) as: DoubleType 
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at: index at: 
"FAndGradF is not to be accessed as an array." 
"Author: 1 Jan 1989 graeneb" 

Tself shouldNot Implement 

at: index put: an un attput: 
"FAndGradF is not to be accessed as an array." 
"Author: 1 Jan 1989 graeneb" 

fself shouldNotimplement 

basicValue basic Value 
"Answer the contained value." 
"Author: 29 Jan 1989 graemeb" 

self 

derivativeAt: argumentNumber derivativeAt: 
"Answer the derivative with respect to argument number "argument.Number'." 
"Arguments: argumentNumber - <SmallInteger>" 
"Author: 1 Jan 1989 graemeb" 

1super at: (8"argumentNumber + 1) get: (DoubleFloat new) as: DoubleType 

derivativeAt: argumentNumber put: derivativeValue derivativeAtput: 
"Store the derivative with respect to argument number "argument.Number' and answer the derivative value." 
"Arguments: 

argument.Number - KSmallnteger> 
derivativeValue - <DoubleFload 

t 

"Author: 1 Jan I 989 graemeb" 

1super at: (8*argumentNumber + 1) put: derivativeValue as: DoubleType 

derivativesAs Vector derivativesASVector 
"Answer a vector (of DoubleFloats) of the derivatives from this FAndGradF." 
"Author: 12 Jan 1989 graemeb, Modified 5 Apr 1989 graemeb" 

fself class preferredArrayClass new array: self "Use FAndGradF as the byte array." 
type: DoubleType "Type DoubleFloat." 
length: self size "Number of derivatives." 
inc: 8 "Items are adjacent DoubleFloats." 
first: 8 "First derivative is byte 9 so send this stupid thing 

9-l." f 

is Vector Aero is VectorZero 
"Answer true if the function value and all derivatives are zero, else answer false." 
"Author: 9 Aug 90 graemeb" 

double 
double - DoubleFloat new. 
0 to: self size do: (: it (super at: (8*i + 1) get double as: DoubleType) = 0.0d0 if True: (ffalse)). 
ftrue - 

"* 13 Aug 904:10pm graemeb" 

size size 
"Return the number of partial derivatives." 
"Author: 1 Jan 1989 graemeb" 

fsuper size /8 - 1 

value value 
"Return the function value as a DoubleFloat." 
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"Author: 1 Jan 1989 graemeb" 

super at: 1 get: (DoubleFloat new) as: DoubleType 

value: function Value 
"Store and answer the function value." 
"Arguments: function Value - <DoubleFload" 
"Author: 1 Jan 1989 graemeb" 

1super at: 1 put: functionValue as: DoubleType 

mathematical functions 
performDdtWithFunction Instance: instance 

"Answer an FAndFPrime object dat(self)." 
"Arguments: instance - <a special function instance>" 
"Author: 1 January 1989 graemeb" 

finstance performDdtWith Argument: self 

performDelayWithFunctionInstance: instance 
"Answer an FAndFPrime object delay(self)." 
"Arguments: instance - <a special function instance>" 
"Author: 1 January 1989 graeneb" 

finstance performDelayWith Argument: self 

performIntegral WithFunctionInstance: instance 
"Answer an FAndGradF object integral(self)." 
"Arguments: instance - <a special function instance>" 
"Author: 14 May 90 graemeb" 

finstance performintegralWith Argument: self 
"* 15 May 90 12:26 pm graemeb" 

62 

waite: 

performDditWithFunctionInstance: 

performDelayWithFunctionInstance: 

performIntegralWithFunctionInstance: 

performSpiceBesselWithFunctionInstance: 
performspiceBessel WithFunctionInstance: instance 

"Answer an FAndFPrime object bessel2(self)." 
"Arguments: instance - <a special function instance>" 
"Author: 1 January 1989 graeneb" 

finstance performSpiceBesselWith Argument: self 
spiceDepletionCharge: array spiceDepletionCharge: 

cipb mjfc vaj oneMinusFc oneMinusMjoneMinusFcRaisedToMjqj0 qjl qj2 deltaVi one 
"Answer the value of junction depletion charge for the given arguments using the Spice formula." 
"Author: 16 Dec 88 graeneb; Modified: 29 Jan 1989 graemeb" 

cje array at: i. 
pb - array at 2. 
mje- array at: 3. 
fo - anray at 4. 

vaje- fic *pb. 
oneMinusM - 1.0dOr mj. 

self > voj 
ifTre: 

oneMinusFc - 1.0d0 - fe. 
oneMinusFcRaisedToMe- oneMinusFc raisedTo: mj. 
q0 - ci" pb * (1.0d0 - (oneMinusFc / oneMinusFcRaisedToM)) foneMinusMj. 
qjl (- cj? oneMinusFcRaisedToMj. 
q2 - ci* mjf (oneMinusFc * oneMinusFcRaisedToMj"pb). 
deltaVie- self-voj. 
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(one e- (self species new: Self size) value: 1.0d0. "This crap is to eliminate coercion for speed." 
f(one - ((one - (self/pb)) raisedTo: oneMinusM)) * (cj* pbf oneMinusM) 

spiceInvert: special Value spiceInvert: 
"Answer the reciprocal of self if self not the special value. Answer zero if self is the special value." 
"Author. 14 Dec 88 graeneb" 

self = special Value 
if True: (10.0dO) 
ifFalse: (fself reciprocal) 

spiceJunctionCurrent: array 
Infvt is reverseBreakpointVtMultiplier vigmin factor lijlgji 

spiceJunctionCurrent: 

"Answer the value of junction current for the given arguments using the spice formula." 
"Author. 16 Dec 88 graemeb" 

nfvt (- array at: 1. 
is - array at: 2. 
reverseBreakpointVtMultiplier e-array at: 3. 
lve- reverseBreakpointVtMultiplier * infvt. 
gmin - array at: 4. 

self > lvj 
if True: 

(f((self /nfvt) exp - 1.0d0) * is + (self * gmin) 
ifFalse: 

factor e-reverseBreakpointVtMultiplier exp. 
lij - is * (factor - 1) + (gmin * lvi). 
lgje- is * factor / nfvt + gmin. 

arithmetic unary 
abs 

"Answer abs(self)" 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self 
opcode: Abs 

arcCos 
"Answer arcCos(self)" 
"Author: 1 Jan 1989 graeneb" 

T(self class new: self size) 
operand: Self 
opcode: ArcCos 

arcSin 
"Answer arcSin(self)" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: ArcSin 

arcTan 
"Answer arcTan(self)" 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self 
opcode: ArcTan 

abs 

arcCos 

arcSin 

arcTan 
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ceiling ceiling 
"Answer an FAndGradF with value of the integer nearest the receiver toward positive infinity." 
"Author: 1 Jan 1989 graemeb" 

(self class new: self size) 
operand: self 
opcode: Ceiling 

COetce 

"Answer a copy of self." 
"Author: 1 Jan 1989 graeneb" . 

COerce 

f(self class new: self size) 
operand: self 
opcode: Coerce 

COS COS 

"Answer cos(self" 
"Author: 1 Jan 1989 graemeb" 

1 (self class new: self size) 
operand: self 
opcode: Cos 

cosh cosh 
"Answer the hyperbolic cosine of self." 
"Author: 9 Oct 89 graemeb" 

newVec arg fprime 
newVec e- self species new: self size. 
arg - Self value. 
newVec value: arg cosh. 
fPrime - arg sinh. 
1 to: Self size do: 

(:index newVec derivativeAt index put (self derivative At: index) * frime). 
fnewVec 

degreesToRadians degreesToRadians 
"Answer self * pi / 180." 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: DegreesToRadians 

exp exp 
"Answer exp(self)" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Exp 

floor m . floor 

"Answer an FAndGradF with value of the integer nearest the receiver toward negative infinity." 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Floor 

floor log10 floorLog10 
"Answer floor(log10(self). Note that floor is the integer nearest the receiver toward negative infinity." 
"Author: 1 Jan 1989 graemeb" 
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f(self class new: self size) 
operand: self 
opcode: FloorLog10 

fraction Part fraction Part 
"Answer an FAndGradF with a value self- self integerPart. The derivatives are all those of self." 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: FractionPart 

imag imag 
"Answer imag(self) = 0." 
"Author: 1 Jan 1989 graeneb" 

T(self class new: self size) 

integerPart integerPart 
"Answer an FAndGradF with an integer value nearest the receiver toward zero. The derivatives are all 

zero." 
"Author: 1 Jan 1989 graemeb" 

(self class new: self size) 
operand: self 
opcode: IntegerPart 

"Answer ln(self)" 
"Author: I Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Lin 

log log. 
"Answer log10(self)." 
"Author: 2 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self w 
opcode: Log 

negated negated 
"Answer -self." w 
"Author: 2 January 1989 graemeb" 

1 (self class new: self size) 
operand: self 
opcode: Negated 

powerOf Ten powerOf Ten 
"Answer 10...dO fself." 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self. 
opcode: PowerOf Ten 

radiansToDegrees radiansToDegrees 
"Answer self * 180 / pi." 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: RadiansToDegrees 
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real 
"Answer real(self)" 
"Author: 1 Jan 1989 graemeb" 

self 

reciprocal 
"Answer the multiplicitive inverse self." 
"Author: 12 Jan 1989 graemeb" 

i temp 
temp (- 1.0d0 asFAndGradFWithDimensions: self size. 
ftemp operand: temp 

opcode: Divide 
operand: self 

rounded 
"Answer an FAndGradf with value of the integer nearest the receiver." 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self 
opcode: Rounded 

sin 
"Answer sin(self)" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Sin re 

sinh 
"Answer the hyperbolic sine of self." 
"Author: 9 Oct 89 graemeb" 

| newVec arg fPrime . 
newVec e- self species new: self size. 
arg - self value. 
newVec value: arg sinh. 
fPrime (- arg cosh. 

to: Self size do: 
(: index newVec derivative At: index put (self derivative At: index) * fPrime). 

fnewVec 

Sqrt 
"Answer sqrt{self)" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Sqrt 

tan - - - - - - 

"Answer tan(self)" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Tan 

tanh 
"Answer tanh(self)." 
"Author: 3 January 1989 graemeb" 

| newVec argsech fPrime 

real 

reciprocal 

rounded 

sin 

sinh 

sqrt 

ta 

tanh 
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newVec e- self species new: self size. 
arg - self value. 
newVec value: arg tanh. 
Sech ( - arg Sech. 
fprine - Sech * Sech. 
1 to: Self size do: 

(: index newVec derivative At: index put (self derivativeAt: index) * fprime). 
fnewVec 

arithmetic binary 
* aScalarOrGrad 

"Answer self" ascalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Multiply 
operand: aScalarOrGrad 

+ aScalarOrGrad 
"Answer self+ aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Add 
operand: aScalarOrGrad 

- aScalarOrGrad 
"Answer self- aScalarOrCrad" 
"Arguments: aScalarOrCrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Subtract 
operand: aScalarOrGrad 

faScalarOrGrad 
"Answer self/ aScalarOrGrad" 
"Arguments: aScalarOrCrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Divide 
operand: aScalarOrGrad 

logy: aScalarOrGrad 
"Answer log base aScalarOrGrad(self)." 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradFs" 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self 
opCode: Logy 
operand: aScalarOrGrad 

max: aScalarOrGrad 
"Answer the operand with the maximum value." 
Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graeneb" 

72 

logy: 
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f(self class new: self size) 
operand: self 
opcode: Max 
operand: aScalarOrGrad 

min: aScalarOrGrad min: 
"Answer the operand with the minimum value." w 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradFs" 
"Author: 2 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Min 
operand: aScalarOrGrad 

mod: aScalarOrGrad mod: 
"Answer mod(selfaScalarOrGrad)" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradf>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Mod 
operand: aScalarOrGrad 

pcomplex: aScalarOrGrad pcomplex: 
"Answer self since FAndGradF uses real arithmetic only." 
"Arguments, aScalarOrGrad - <DoubleFloat or FAndGradFs." 
"Author: 1 Jan 1989 graeneb" 
tself 

raisedTo: aScalarOrGrad raisedTo: 
"Answer selff aScalarOrgrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradf>" 
"Author: 1 Jan 1989 graemeb" 

1 (self class new: self size) 
operand: self 
opcode: RaisedTo 
operand: aScalarOrGrad 

sign: aScalarOrGrad sign: 
"Answer sign(selfaScalarOrGrad)" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 29 Sep 89 graemeb; Modified: 9 Oct 89 graemeb" 

aScalarOrGrad> 0 if True: fself abs. 
aScalarOrGrad < 0 if True: (tself abs negated). 

smallSignal: an ArgumentFAndGradR smallSignal: 
"Answer the small-signal component of self with respect to the argument. The argument is assumed to be 

an ArgumentFAndGradF. This method will answer zero if this is not true." 
"Author: 24 Feb 1989 graemeb, Revised: 28 Aug 90 graemeb" 

fanArgumentFAndGradF is Argument 
if True: self derivative At: an ArgumentFAndGradf argumentNumber 
ifFaise: 0.0d0 

"k 28 Aug 90 10:38 am graeneb *" 

triangleWithPeriod: period triangleWithPeriod: 
"Answer the triangle function of self. One period is given by: f(x) = x, 0 <= x < periodf2, f(x) = period-x, 

period.2 <= x < period." 
"Author: 3 January 1989 graemeb" 
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i newVec absArg f frime arg 
arg - self value mod: period value. 
absArge- arg abs. 
absArg > (period value / 2.0d0) 

if True: (f(- period-absArg. 
fPrime e- arg sign negated) 

ifFalse: (fe- absArg. 
fprime - arg sign). 

newVec e- self species new: self size. 
newVec value: f. 
1 to: Self size do: 

(: index newVec derivative At: index put (self derivative At: index) * fprime. 
fnewVec 

getError getFrror 
"Answer the latest error code for FAndGradF as a Smallnteger. (Kurt has text for error codes.) Answer -1 

if the primitive fails. This indicates that the special ADS interpreter is not being used." 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graemeb" 

< primitive: 2552 
1-1 

userPrimitiveEailed userPrinitiveFailed 
"Announce that a user primitive has failed and there is no appropriate Smalltalk code to run." 
"Author: 9 Jan 1989 kurtk; Modified: 16 Jan 1989 graemeb" 

errorcode error message 
errorcode - self getFrror. 
errorcode < 0 

if True: self error: Unable to retreive error code from Primitive”). 
errormessage - ErrorDictionary at: errorcode. 
self error: FAndGradF primitive failed, Code=', errorcode printString, ' ', errormessage 

smalltalk unary 
StAbs stAbs. 

"Answer the absolute value of the receiver." 
"Author: 2 January 1989 graemeb" 

self value < 0.0d0 
ifTrue: 

(fself negated) 
ifFalse: 

(fself 

stArcCos StArcCos 
"Answer arccos(self)." 
"Author: 2 January 1989 graemeb" 

newVec frime u 
newVec e- self species new: self size. 
u - Self value. 
newVec value: u arcCos. 
fPrime (- -1.0d0 / (1.0d0 - (u * u)) sqrt. 
1 to: self size do: (: index i newVec derivativeAL: index put: (self derivative At: index) 

* frime. 
fnewVec 

stArcSin StArcSin 
"Answer arcsin(self)." 
"Author: 2 January 1989 graemeb" 
newVec frime u 

newVec e- self species new: self size. 
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u - self value. 
newVec value: u arcSin. 
fPrime (- 1.0d0 / (1.0d0 - (u u)) Sqrt. 
1 to: self size do: : index newVec derivativeAt: index put: (self derivativeAt: index) 

* fprime). 
fnewVec 

stArcTan stArcTan 
"Answer arctan(self)." 
"Author: 2 January 1989 graemeb" 

newVec fprime ul 
newVec - self species new: Self size. 
u - Self value. 
newVec value: u arcTan. 
fprime - 1.0d0 / (u * u + 1.0d0). 
1 to: self size do: (index newVec derivativeAt: index put: (self derivativeAt index) 

* f.prime. 
fnewVec 

stCeiling stCeiling 
"Answer an FAndGradF with value of the integer nearest the receiver toward positive infinity." 
"Author: 1 Jan 1989 graeneb" 

newVec fVal 
newVec e- self species new: Self size. 
fVal {- self value. 
newVec value: fVal ceiling. 
fnewVec 

stCoerce stCoerce' 
"Answer a copy of self." 
"Author: 2 Jan 1989 graemeb" 

newVec fVal 
newVec e- self species new: self size. 
fVal e-Self value. 
newVec value: fVal. 
1 to: self size do: : index newVec derivativeAt: index put: (self derivative At: index)). 
fnewVec 

stCos stCos 
"Answer cos(self)." 
"Author: 2 January 1989 graemeb" 

newVec fprime u 
newVec e- self species new: self size. 
u - Self value. 
newVec value: u cos. 
fprine (- usin negated. 
1 to: self size do: (: index newVec derivativeAL: index put: (self derivative At: index) 

* frime). 
fnewVec 

stDegreesToRadians stDegreesToRadians 
"Answer self* pi / 180." 
"Author: 2 Jan 1989 graeneb" 

fself" (DoubleFloatpi / 1800d0) 
stExp stExp 

"Answer exp(self)." 
"Author: 2 January 1989 graeneb" 

newVec expf 
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newVec e- self species new: Self size. w 
expf - self value exp. 
newVec value: expf. 

to: self size do: index newVec derivativeAt index put: (self derivative At: index) 
* expf). 

fnewVec 

stFloor stFloor 
"Answer an FAndGradf with value of the integer nearest the receiver toward negative infinity." 
"Author: 2 Jan 1989 graeneb" 

newVec fVal 
newVec e- self species new: self size. 
fVal e- self value. 
newVec value: fVal floor. 
TnewVec 

stFloorLog10 . stFloorLog10 
"Answer floor(loglo(self). Note that floor is the integer nearest the receiver toward negative infinity." 
"Author: 1 Jan 1989 graenneb" - 

Tself log floor 

Stfraction Part StFraction Part 
"Answer an FAndGradF with a value Self- self integerPart. The derivatives are all those of self." 
"Author: 2 Jan 1989 graenneb" 

newVec fVal 
newVec e- self species new: self size. 
fVal - Self value. m 
newVec value: fVal fractionPart. 
1 to: self size do: : index 1 newVec derivative At: index put: (self derivative At: index). 
TnewVec 

stImag . stimag 
"Answer zero." 
"Author: 2 Jan 1989 graemeb" 

10.0d0 

stintegerPart stintegerPart 
"Answer an FAndGradf with an integer value nearest the receiver toward zero. The derivatives are all 

zero." 
"Author: 2 Jan 1989 graemeb" 

newVec fVal 
newVec - self species new: self size. 
fVal e- self value. 
newVec value; fVal integerPart 
newVec 

stLn StLn 
"Answer an FAndFPrime object self in." 

newVec frine f 
newVec - self species new: self size. 
f{- self value lin. 
newVec value: f. 
fprime - freciprocal. 
1 to: self size do: : index newVec derivativeAt index put: (self derivativeAt: index) 

* frime. 
fnewVec 

StLog st log 
"Answer log10(self)." 
"Author: 2 January 1989 graemeb" 
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newVec fVal logE10OnY 
newVec - self species new: self size. 
fVal e-Self value. 
newVec value; fVal log. 
logE10OnY - 10.0d0 in ffVal. m 
1 to: Self size do: (: index newVec derivativeAt index put: (self derivativeAt: index) 

* logE10OnY). 
fnewVec 

stNegated stNegated 
"Answer an FAndFPrime object self* -1." 

newVec f 
newVec e- self species new: self size. 
fe- self value negated. 
newVec value: f. 

to: Self size do: (: index newVec derivativeAt index put: 0.0d0 - (self derivative At: index). 
fnewVec 

StPowerOf Ten StPowerOf Ten 
"Answer 10.dOfself." 
"Author: 2 Jan 1989 graemeb" 

newVec fVal newVal yLn 10 | 
newVec - self species new: self size. 
fVal e-Self value. 
newVal e- fVal powerOf Ten. 
newVec value: newVal. - - - ----- a-- - a - 

yLn0 - newVal" 10.0d0 log. 
to self size do: : index newVec derivativeAt index put: (self derivativeAL: index) 

* yLnl0. 
newVec 

stRadiansToDegrees stRadiansToDegrees 
"Answer self* 180 /pi." 
"Author: 2 Jan 1989 graemeb" 

tself * (180.0d0 / DoubleFloatpi) 

stReal st Real 
"Answer self." 
"Author: 2 Jan 1989 graemeb" 

tself 

stRounded st Rouaded 
"Answer an FAndGradP with value of the integer nearest the receiver." 
"Author: 2 Jan 1989 graemeb" 

newVec fVal 
newVec - self species new: Self size. 
fVal - self value. 
newVec value: fVal rounded. 
fnewVec 

stSin stSin 
"Answer sin(self)." . 
"Author: 2 January 1989 graemeb" 

newVec fine u 
newVec - self species new: Self size. 
u - self value. 
newVec value: usin. 
frine - COS. 

to: self size do: : index newVec derivative At: index put: (self derivative At: index) 
* fprime. 
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fnewVec 

stSqrt 
"Answer sqrt(self)." 
"Author: 2 January 1989 graeneb" 

newVec f firine 
newVec e- self species new: self size. 
fe- self value sqrt. 
newVec value: f. 
fPrime - 1.0d0 / (2.0d0 * f. 
1 to: Self size do: : index newVec derivativeAt index put: (self derivative At: index) 

* fPrime). 
fnewVec 

stTan 
"Answer tan(self)." 
"Author: 2 January 1989 graeneb" 

newVec frime usec 
newVec ( - self species new: self size. 
u - Self value. 
newVec value: u tan. 
Sec - l.0d0 / u cos. 

4. fprine (-Sec * Sec. 

1 to: self size do: (: index newVec derivativeAt index put: (self derivativeAt index) 
* fPrime). 

fnewVec 

smalltalk binary 
arcTan2: aScalarOrGrad 

"Answer arcTan2(selfaScalarOrGrad)." 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 12 Jan 1989 graeneb" 

newVec frime fVal gVec gVal newVal gPrime f2PiusG2 
newVec e- self species new: self size. 
fVal - Self value. 
gVec e-aScalarOrGrad asFAndGradfWith Dimensions: self size. 
gVal (-gVec asDoubleFloat. 
newVal - fVal arcTan2: gVal. 
newVec value: newVal. 
f2PlusG2 - (fVal * fVal) + (gVal * gVal). . 
1 to: self size do: (: index 

fPrime - self derivative At: index. 
gPrime (-gVec derivative At: index. 
newVec derivativeAL index put: ((fprime * gVal) - (fVal * gPrime) / f2PlusG2. 

fnewVec 

stSqrt 

arcTan2: 

raisedToScalarPower: nun raisedToScalarPower: 
"Answer self f nun where 'num' is a scalar. 
"Author: 2 January 1989 graemeb" 

newVec nurnDec fVal fprine 
newVec e- self species new: self size. 
fVal (- self value. 
numDec - num - l. 
newVec value: (fVal raisedTo: nun). 
fPrime - (fVal raisedTo: numDec) 

* num. 
1 to: Self size do: (: index newVec derivativeAt index put: (self derivative At: index) 

* fPrine). 
fnewVec 
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raisedToVectorPower: gVec raisedToVectorPower: 
"Answer self f nun where 'gVec' is an FAndGradF." 
"Author: 2 January 1989 graemeb" 

newvec fyal gval inf fRaisedToG gdividedByF factor factor2 
newVec - self species new: Self size. 
fVal (- self value. 
gVal e-gVec value. 
Inf{- fVal in. 
fRaisedToG - fVal raisedTo: gVal. 
newVec value: fraisedToG. 
gDividedByP e-gVal / fVal. 
factor) - gDividedByF * fRaisedToG. 
factor2 - Inf fraisedToG. 
1 to: self size do: : index newVec derivativeAt index put: (self derivative At: index) 

* factori + (gVec derivative At: index) 
* factor2). 

fnewVec 

stAdd: gArg stAdd: 
"Answer an FAndGrad object self+ gArg." 
"Author: 12 Jan 1989 graemeb" 

newVec fVal gVal gVec 
newVec e- self species new: self size. 
fVal e-Self value. 
gVec e-gArg asFAndGradFWith Dimensions: self size. 
gVal - gVec value. 
newVec value: fVal + gVal. 
1 to: Self size do: : index newVec derivativeAt index put: (self derivativeAt: index) 

+ (gVec derivative At: index). 
fnewVec 

stDivide: gArg m w st Divide: 
"Answer an FAndGradF object the receiver / gArg." 
"Author: 12 Jan 1989 graemeb" - 

| newVec fVal gVal gSquared gVec 
newVec - self species new: self size. 
fVal - self value. 
gVec e-gArg asFAndGrad FWithidimensions: self size. 
gVal - gVec value. 
newVec value: fVal / gVal. 
gSquared e-gVal * gVal. 
1 to: Self size do: (: index newVec derivativeAt index put: (((self derivative At: index) 

* gVal) - (gVec derivativeAt index) 
* fVal)) / gSquared. 

fnewVec 

stLogy: aScalarOrGrad stLogy: 
"Answer log base aScalarOrGrad(self)." . . . 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGrad Fe." 
"Author: 12 Jan 1989 graeneb" 

newVec fPrime fVal gVec gVal newVal foverG inG gPrime 
newVec - self species new: self size. 
fVal e- self value. 
gVec - aScalarOrGrad asFAndGradFWith Dimensions: self size. 
gVal e-gVec asDoubleFloat. 
newVal - fVal logy: gVal. 
newVec value: newVal. 
foverG - fVal / gVai. 
inG - gVal in. 
1 to: self size do: : index 
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fprime - self derivative At: index. 
gPrime e-gVec derivative At: index. 
newVec derivative At: index put ((fPrime / fVal) - (gPrime * foverG)) / InG). 

TnewVec 

stMax: aScalarOrGrad stMax: 
"Answer the operand with the maximum value." 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graeneb" 

self value D aScalarOrGrad value 
ifTrue: fself) 
ifFalse: (faScalarOrGrad) 

stMin: aScalarOrGrad stMin: 
"Answer the operand with the minimum value." 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graeneb" 

self value < aScalarOrGrad value 
if True: fself) 
ifFalse: TaScalarOrGrad) 

stMinus: gArg stMinus: 
"Answer an FAndFPrime object self-gArg." 
"Author: 12 Jan 1989 graemeb" 

| newVec fVal gVal gvec | 
newVec e- self species new: self size. 
fVal (- Self value. 
gVec e-gArg asFAndGradFWithPimensions: self size. 
gVal e-gVec value. 
newVec value: fVal - gVal. 
1 to: self size do: (: index newVec derivative At: index put: (self derivativeAt: index) 

- (gVec derivative At: index)). 
newVec 

stMod: aScalarOrGrad stMod: 
"Answer mod(selfaScalarOrGrad)" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradFs." 
"Author. 1 Jan 1989 graeneb" 

I newVec fVal gVal gVec 
newVec e- self species new: self size. 
fVal - Self value. 
gVal e- aScalarOrGrad asDoubleFloat. 
newVec value: (fVal mod: gVal). 
1 to: self size do: (: index newVec derivative At: index put: (self derivative At: index)). 
newVec 

stMult: gArg stMut: 
"Answer an FAndGradF object self * gVec." 
"Author: 12 Jan 1989 graeneb" 

newVec fVal gVal gVec 
newVec - self species new: self size. 
fVal - self value. 
gVec - gArg asFAndGradfWith Dimensions: self size. 
gVal e-gVec value. 
newVec value: fVal * g Val. 
1 to: Self size do: (: index newVec derivativeAt index put: fVal * (gvec derivative At: index) + (self 

derivativeAt: index) 
* gVal)). 

newVec 
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stRaisedTo: power StRaisedTo: 
"Answer selff power" 
"Arguments: power - CFAndFPrime>" 
"Author: 2 January 1989 graemeb" 

power isScalar 
ifTrue: self raisedToScalarPower: power 
ifFalse: self raisedToVectorPower: power 

primitive functions 
primadd: an FAndGradF primadd: 

"Answer self+ an AndGradf. This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self. 
opcode: Add 
operand: an FAndGradF 

primarcTan2: an EAndGradf prinArcTan2: 
"Answer arcTan2(self an FAndGradF). This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: ArcTan2 
operand: anFAndGradF 

primDivide: an FAndGradF - prinDivide: 
"Answer self / an AndGradF. This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new; self size) 
operand: self 
opcode: Divide 
operand: anFAndGradF 

primEQ: anFAndGradE primEQ: 
"Answer true or false representing self= an FAndGradF" 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graemeb" 

1 self 
reloperand: an AndGradf 
opcode: Eq 

primGE: an FAndGradf w primGE: 
"Answer true or false representing self>= an AndGradf" 
"Arguments: an FAndGradF-<FAndGradf>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 

tself 
reloperand: an AndGradF 
opcode: Ge 

primGT: an AndGradF prinGT: 
"Answer true or false representing self> an AndGradf" 
"Arguments: an EAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graeneb, Modified: 16 Jan 1989 graemeb" 

fself 
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reloperand: anFAndGradF 
opcode: Gt 

primE: an FAndGradF primLE: 
"Answer true or false representing self<= an FAndGradF" w 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 
Tself 

reloperand: anFAndGradF 
opcode: Le 

primLogy: an FAndGradF primogy: 
"Answer log base an FAndGradf(self). This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradf - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Logy 
operand: anFAndGradF 

prim. T: an FAndGradF prim. T: 
"Answer true or false representing self< an AndGradf" 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graeneb" 

fself 
reloperand: anrAndGradf 
opCode: Lt 

primMax: an EAndGradF prinMax: 
"Answer max(selfanfandGradF). This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an EAndGradF - <FAndGradF>" V 
"Author: 1 Jan 1989 graemeb" 

(self class new: self size) 
operand: self 
opcode: Max 
operand: an FAndGradF 

primMin: an EAndGradf primMin: 
"Answer min(selfianFAndGradF). This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

f(self class new: self size) 
operand: self 
opcode: Min o 
operand: an FAndGradF 

prinMinus: an AndGradF primMinus: 
"Answer self- an FAndGradF. This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graeneb" 

f(self class new: self size) 
operand: self 
opcode: Subtract 
operand: anFAndGradF 

primMod: anFAndGradf 
"Answer mod(self an FAndGradF). This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graeneb" 

prinMod: 
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f(self class new: self size) 
operand: self 
opcode: Mod 
operand: anFAndGradF 

primvult: an FAndGradF 
"Answer self an FAndGradF. This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradFs" 
"Author: 1 Jan 1989 graemeb" 

primMult: 

f(self class new: self size) 
operand: self 
opcode: Multiply 
operand: an FAndGradf 

primNE: an FAndGradF 
"Answer true or false representing self = an FAndGradf" 
"Arguments: an FAndGradF - <FAndGradFs." 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graeneb" 
1 self 

reloperand: anFAndGradF 
opcode: Ne 

primRaisedTo: an FAndGradF prinRaisedTo: 
"Answer self fanfandGradF. This is for compatibility with the coercion from DoubleFloat." 
"Arguments: an FAndGradF - <FAndGradF>" 
"Author: 1 Jan 1989 graemeb" 

primNE: 

4. f(self class new: self size) 
operand: self 
opcode: RaisedTo 
operand: anFAndGradF 

primitives 
operand: f opcode: operator operand:opcode: 

"Perform the requested arithmetic unary operation primitively if possible. If the primitive fails then try the 
Smalltalk backup code. Answer the result. Note that the special ADS interpreter must be used for the 
operations to be performed primitively." 

"Arguments: 
f- <DoubleFloat or FAndGradF> 
operator - CSmallIntegerd See class method "initialize' for meaning of codes." 

"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graemeb" 

< primitive: 251> 

self getError > 0 if True: (fself retryOperand: f basicValue opcode: operator). 
iff perform: (STUnarySelectors at: operator + 1) 

operand: f opcode: op operand: g - operand:opcode:operand: 
"Perform the requestedarithmetic binary operation primitively if possible. If the primitive fails then try the 

Smalltalk backup code. Answer the result. Note that the special ADS interpreter must be used for the 
operations to be performed primitively." 

"Arguments: 
f- <FAndGradF> 
g- <DoubleFloat or FAndGradF> 
operator - <SmallInteger>See class method "initialize' for meaning of codes." 

"Author: 1 Jan 1989 graeneb, Modified: 30 Jan 1989 graemeb" 

<primitive: 250> 

self getError > 0 if True: fself retryOperand: f basicValue opcode: op operand:g basicValue). 
if perform: (STBinarySelectors at: op + 1) with:g 
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reloperand: f opcode: operator reloperand:opcode: 
"Perform the requested relational binary operation primitively if possible. If the primitive fails then try the 

Smalltalk backup code. Answer the result (true of false). Note that the special ADS interpreter must be used 
for the operations to be performed primitively." 

"Arguments: 
f- <DoubleFloat or FAndGradF> 
operator - <SmallIntegerd See class method "initialize' for meaning of codes." 

"Author. 16 Jan 1989 graemeb" 
<primitive: 252> 

self getFrror > 0 ifTrue: (fself retryReloperand: f basicValue opcode: operator). 
fself perform: (STRelationalSelectors at operator + 1) with: f 

retryOperand: f opcode: operator retryOperand:opcode: 
"Perform the requested relational binary operation primitively if possible. If the primitive fails then try the 

Smalltalk backup code. Answer the result (true of false). Note that the special ADS interpreter must be used 
for the operations to be performed primitively." 

"Arguments: 
f- <DoubleFloat or FAndGradF> 
operator - <SmallInteger>See class method "initialize' for meaning of codes." 

"Author: 16 Jan 1989 graemeb" 

<primitive: 2512 

self getFrror > 0 if True: (self userPrimitiveFailed). 
fself perform: (STRelationalSelectors at operator + 1) with: f 

retryOperand: f opcode: op operand:g retryOperand:opcode:operand: 
"Perform the requested arithmetic binary operation primitively if possible. If the primitive fails then try the 

Smalltalk backup code. Answer the result. Note that the special ADS interpreter must be used for the 
operations to be performed primitively." 

"Arguments: 
f- <FAndGradF> 
g- <DoubleFloat or FAndGradF> 
operator - <SmallInteger>See class method initialize' for meaning of codes." 

"Author: 1 Jan 1989 graemeb, Modified: 30 Jan 1989 graeneb" 

<primitive: 250> 

self getFrror > 0 if True: (self userPrimitiveFailed). 
ff perform: (STBinarySelectors at: op + 1) with:g 

retryReloperand: f opcode: operator retry Reloperand:opcode: 
"Perform the requested relational binary operation primitively if possible. If the primitive fails then try the 

Smalltalk backup code. Answer the result (true of false). Note that the special ADS interpreter must be used 
for the operations to be performed primitively." 

"Arguments: 
f- <DoubleFloat or FAndGradF> 
operator - <SmallInteger>See class method initialize' for meaning of codes." 

"Author: 16 Jan 1989 graeneb" 

<primitive: 252> 

self getFrror > 0 if True: (self userPrimitiveFailed). 
fself perform: (STRelationalSelectors at operator + 1) with: f 

comparing 
< aScalarOrGrad ag 

"Answer true or false representing self< aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 

fself 
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reloperand: aScalarOrGrad 
opcode: Lt. 

<s aScalarOrGrad g 
"Answer true or false representing self<= aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graemeb" 

Tself 
reloperand: aScalarOrGrad 
opcode: Le 

is aScalarOrGrad 
"Answer true or false representing self = aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 

= 

fself 
reloperand: aScalarOrGrad 
opcode: Eq 

> aScalarOrGrad - - - m > 

"Answer true or false representing self> aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 

1self 
reloperand: aScalarOrGrad 
opcode: Gt 

>= aScalarOrGrad > 
"Answer true or false representing self>= aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb, Modified: 16 Jan 1989 graemeb" 

fself 
reloperand: aScalarOrGrad 
opcode: Ge . 

= aScalarOrGrad a 

"Answer true or false representing self= aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 1 Jan 1989 graemeb; Modified: 16 Jan 1989 graemeb" 

s 

Tself 
reloperand: aScalarOrGrad 
opcode: Ne 

printing 
debugPrint debugPrint 

"Temporary method for model print statement." 
"Author: 16 Dec 88 graemeb" 

Transcript show: self printString; Cr 

printOn: aStream printOn: 
"Print a description of self in the given stream." . 
"Author: 1 Jan 1989 graemeb" 

aStream nextPutAll: self class name. 
aStream nextPut: S(; print: self value; next Put S.; space. 
1 to: self size do: :ii aStream nextPutAll: (self derivative At: i) printString; space). 
aStream nextPutAll: ) 
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coercing 
asAcFAndFPrine aSAcFAndFPrime 

"Answer the AcFAndFPrime corresponding to this FAndGradf." 
"Author: 1 Dec 88 graemeb" 

newFiValues numArgs 
numArgS - Self size. 
newFiValues - SimVector newDoubleFloat: numArgs + 1. "Add 1 for the source value." 
1 to: numArgs do: 

:i newFiValues at: i put: (self derivative At: i)}. 
fAcFAndFPrime new with DcValue: self asDoubleFloat freqindependentValues: newFiValues 

asFAndGradFWith Dimensions: anInteger - asFAndGradFWithidimensions: 
"Answer an FAndGradf equivalent to self." . 
"Author: 1 Jan 1989 graemeb" 

Tself 

as loat as loat 
"Answer the function value as a Float." 
"Author: 1 January 1989 graemeb" 

fself value asFloat 

perform: operator onDoubleFloat: aboubleFloat perform:onDoubleFloat: 
"Perform the given operation between self and adoubleFloat." 
"Arguments. 
operator - <Symbold 
alDoubleFloat - <DoubleFloatd 

"Author: 1 January 1989 graemeb" 

1(self species newWith NumVars: self size with ConstValue: aldoubleFloat) 
perform: operator with: self 

perform: operator onFloat: aFloat perform:onFloat: 
"Perform the given operation between self and afloat." 
"Arguments: 
operator - <Symbold 
aFloat - <Floated 

"Author: 1 January 1989 graemeb" 

f(self species newWithNumVars: self size withConstValue: aFloat) 
perform: operator with: self 

perform: operator onlinteger: an Integer perform:oninteger: 
"Perform the given operation between self and an integer." 
"Arguments: 
operator - <Symbold 
annteger - <Integerd 

"Author: 1 January 1989 graemeb" - 

f(self species newWith NumVars: self size withConstValue: anInteger asDoubleFloat) 
perform: operator with: self 

smalltalk relational 

stEQ: aScalarOrGrad stEQ: 
"Answer true or false representing self- aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graemeb" 

self value = aScalarOrGrad asDoubleFloat 
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stGE: aScalarOrGrad 
"Answer true or false representing self>= aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graemeb" 

fself value >= aScalarOrGrad asDoubleFloat 

StGT: aScalarOrGrad 
"Answer true or false representing self> aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graemeb" 

fself value > aScalarOrGrad asDoubleFloat 

stLE: aScalarOrGrad 
"Answer true or false representing self<= aScalarOrGrad" 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 2 Jan 1989 graemeb" 

self value <= aScalarOrGrad asDoubleFloat 

stLT: aScalarOrGrad 
"Answer true or false representing self< aScalarOrGrad" 
"Arguments: aScalarOrgrad - (DoubleFloat or FAndGradf>" 
"Author: 2 Jan 1989 graemeb" 

fself value < aScalarOrGrad asDoubleFloat 

stNE: aScalarOrGrad 
"Answer true or false representing Self- aScalarOrGrad" 
"Arguments: aScalarOrGrad- DoubleFloat or FAndGradf>" 
"Author: 2 Jan 1989 graemeb" 

1 self value = aScalarOrGrad asDoubleFloat 

testing 
isArgument 

Answer that this object is not an argument." 
"Author. 28 Aug 90 graemeb" 

false 

"* 28 Aug 90 10:37 am graemeb s" 

isscalar 
"Answer that this object is not a scalar." 
"Author: 3 January 1989 graemeb" 

ffalse 

isvector . - 
"Answer that this object is a vector." 
"Author: 3 January 1989 graemeb" 

true 

converting 
asAcFAndGradf 

"Answer the AcFAndGradF corresponding to this FAndGradf." 
"Author: 15 Sep 1988 graemeb, Modified 5 Apr 1989 graemeb" 
newFiValues 
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stGE: 

StGT: 

stLE: 

StLT: 

stNE: 

isArgument 

isScalar 

- is Vector 

asAcFAndGradf 
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newFivalues - simVector|P newDoubleFloat self size + 1. "Add 1 for the source value." 
1 to: self size do: 

: il newFiValues at: i put: (self derivativeAt: i)). 
1AcFAndFPrime new with.DcValue: self asDoubleFloat freqndependentValues: newFiValues 

ascodeGenFAndGradFWithContext: acontext asCodeGenFAndGrad FWithContext: 
"Answer an equivalent CodeCenFAndGradf." 
"Arguments: 

aContext - <ModelCodeGenContext>" 
"Author: 4 May 1989 graemeb" 
1CodeGenFAndGradF new setValue: self value andContext aContext 

copying 
copyFrom: aScalarOrgrad copyFrom: 

"Copy the contents of aScalarOrCrad to self." 
"Arguments: aScalarOrGrad - <DoubleFloat or FAndGradF>" 
"Author: 9 Jan 1989 graemeb, Modified: 29 Jan 1989 graemeb" 

"self operand: aScalarOrGrad opcode: Coerce Coerce is currently broken." 
"self operand: aScalarOrGrad opcode: Real Unary ops with scalar are currently broken." 
self operand: aScalarOrGrad opcode: Add operand 0.0d0 

FAndGradR class 

FAndGradf class FAndGradf class 
instanceVariableNames: ' 

class initialization 
initialize initialize 

"Initialize the class variables and class-instance variables." 
"Author: 1 January 1989 graemeb, Modified: 18 Jan 1989 graemeb" 

self initializeNumericOops. . 
self initializeCpCodes. 
UnarySelectors (- #(coerce real imag int fract negated abs sqrt exp in powerOf Ten log10 

floorLog10 ceiling floor rounded degreesToRadian radiansToDegrees sin cos tan arcSin arcCos arcTan). 
STUnarySelectors - #(stCoerce stReal stimag stint stFract stNegated stAbs stSqrt stExp stLn 

stPowerOf Ten stLog10 stFloorLog10 stCeiling stfloor stRounded stDegreesToRadians stRadiansToDegrees 
stSin stCos stTan stArcSin stArcCoS StArcTan). 

BinarySelectors - #(+ - * / mod: max: min: raisedTo: logy: realImag: arcTan2:). 

STBinarySelectors - #(stAdd: stMinus: stMult: stidivide: stMod: stMax: stMin: stRaisedTo: stLogy: 
stRealImag: stArcTan2:). 

RelationalSelectors - #(= = < > <= >=). 
STRelationalSelectors (- #(stEQ: stNE: stLT: stGT: stLE: stGE:). 

self seterrorDictionary. 

"FAndGradf initialize" 

initializeNumericOops initializeNumericOops 
"Initialize class instance variable holding classes which user primitives can manipulate." 
"Author: 1 January 1989 graemeb, Modified: 30 Mar 89 messick" 
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numericOops = nil if True: numericOops atAll Put nil. 
numericOops (- Array new:5. 
numericOops at: l put: Float. 
numericOops at: 2 put DoubleFloat. 
numericOops at: 3 put ComplexFloat. 
numericOops at: 4 put: DoubleComplex. 
numericOops at: 5 put self. 

"FAndGradfinitialize" 

initialize()pCodes 
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initialize(OpCodes 
"Initialize the class variables representing the primitive codes for the prinitive operations. Note that this 

list was copied from AbstractFloat." 
"Author: 1 January 1989 graemeb" 

"Arithmetic-type code." 
DoubleType (-4. 

"Binary opCodes" 
Add - 0. 
Subtract ( 1. 
Multiply - 2. 
Divide - 3. 
Mod - 4. 
Max - 5. 
Min (- 6. 
RaisedTo e- 7. 
Logy - 8. 
Realimage- 9. "Not used in FAndGradF." 
ArcTan2 e- 0. 

"Unary opCodes" 

"DoubleFloat" 

self initializejnaryOpCodes. 

"Relational opCodes" 
Eq - 0. 
Ne e - 1. 
Lt (-2. 
Gt (-3. 
Le - 4. 
Gee - 5. 

"FAndGradf initialize" 

initializeUnaryOpCodes 
"FAndGradf initialize." 
"Author: 1 January 1989 graemeb" 

"Unary opCodes" 
Coerce - 0. 
Real - 1. 
Image-2. 
IntegerPart e-3. 
FractionPart e- 4. 
Negated - 5. 
Abs - 6. 
Sqrt {-7. 
Exp (- 8. 
Ln - 9. 
PowerOf Ten - 10. 
Log - ll. 
FloorLog10 - 12. 
Ceiling - 13. 
Floor - 14. 
Rounded e- 15. 

initialize JnaryOpCodes 
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DegreesToRadians - 16. 
RadiansToDegrees - 17. 
Sin - 18. 
Cos - 19. 
Tan - 20. 
ArcSin - 21. 
ArcCos - 22. 
Arcan - 23. 

setFrrorDictionary setFrrorDictionary 
"Initialize the error strings." 
"Author: 9 Jan 1989 kurtk" 

ErrorDictionary e- Dictionary new. 
ErrorDictionary at 0 put: 'NOERROR '. 
ErrorDictionary at 256 put FATAL minimum fatal error number'. 
ErrorDictionary at 16 put: 'EW-MENSHORT number is < MNSHORT". 
ErrorDictionary at 17 put: 'EW-MAXSHORT number is > MAXSHORT. 
ErrorDictionary at: 18 put: 'EW-MINLONG number is < MINLONG'. 
ErrorDictionary at 19 put 'EW-MAXLONG number is > MAXLONG'. 
ErrorDictionary at 20 put: 'EW-MINFLOAT number is < MINFLOAT'. 
ErrorDictionary at 21 put: 'EW-MAXFLOAT number is > MAXFLOAT'. 
ErrorDictionary at 512 put: 'E-NOREF no object or invalid object ref array'. 
ErrorDictionary at 513 put 'E-ENSREF insufficient number of reference objects'. 
ErrorDictionary at 514 put: 'E-INVREF invalid reference object in ref list'. 
ErrorDictionary at 515 put: 'E-UNKARG unknown or invalid argument type'. 
ErrorDictionary at 516 put: "E-NOINT small integer not found where expected. 
self set ErrorDictionaryl 
" FandGrad F setErrorDictionary" 

setFrrorDictionary1 . w, set ErrorDictionary1 
"Continue to initialize the error strings." . . . . - 
"Author: 9 Jan 1989 kurtk" 

ErrorDictionary at 518 put: 'E-ZEROLENARR zero length array'. 
ErrorDictionary at 519 put: 'E-INVBYTARR invalid byte array'. 
ErrorDictionary at 520 put: 'E-INVNUMARR invalid num array-no ByteArray component'. 
ErrorDictionary at 521 put: 'E-INVARRTYPE invalid numeric array data type'. 
ErrorDictionary at 522 put: 'E-INDXBNDS array indexing out of bounds'. 
ErrorDictionary at 523 put: 'E-ELMSPC increment to next element < element size'. 
ErrorDictionary at: 525 put: "E-NOTNUM a numeric argument was not passed as par'. 
ErrorDictionary at 526 put: "E-NOTNUMARR argument is not a numeric array'. 
ErrorDictionary at 530 put: "E-NOTCPXDBL array elements are not Complex Double'. 
ErrorDictionary at 531 put: 'E-ELMNOTADJ array elements are not adjacent'. 
ErrorDictionary at 532 put "E-NOTPWR2 array length is not a power of 2'. 
ErrorDictionary at 540 put: 'E-INVGRAD Invalid FAndGradF object. 
ErrorDictionary at 541 put: "E-NOGRAD Receiver is not an FAndGradF object'. 
ErrorDictionary at 542 put E-OPRANGE Operator is out of range'. 
ErrorDictionary at 543 put 'E-FUNRANGEFunction arg is out of range'. 
ErrorDictionary at 550 put 'E-SINGULAR Singular matrix'. 

4. ErrorDictionary at 551 put: "E-NOTSQMATRDX SquareMatrixCFP not found". 
ErrorDictionary at 552 put "E-NOTDBLARR Double Numericarray not found'. 
ErrorDictionary at 553 put: 'E-VECTORLEN Wector Length does not match Matrix size'. 
ErrorDictionary at 554 put: "E-INVMATTYPE Invalid matrix type'. 
ErrorDictionary at 555 put 'E-INVROWMAP Invalid row mapping array'. 
ErrorDictionary at 556 put 'E-INVCOLMAP Invalid column mapping array'. 
ErrorDictionary at 600 put: "E-NOIMPLEMENT Operation not implemented 
" FandGradF setFrrorDictionary!" 

instance creation 

new: length new: 
fsuper new:(8*(length-1)) 
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newWithNunn Wars: dimension -- newWith NIWars: 
"Answer an instance of an FAndFPrime vector with f and fprime initialized to 0.0." 
fself new:dimension 

newWithNumVars:thisWarNum:with value: newWithNumWars: numVars thisVarNum: num withvalue: val 
"Answer an instance of an FAndGradF vector with finitialized to 'val 
and forime initialized to 0.0." 

tmp 
timp - Self new: numVars. 
timp value: val. 
tmp derivative At: num put:1. 
fump 

newWith NumVars: numWars withconstValue: val newWith NunWars: with ConstValue: 
"Answer an instance of an FAndGradF vector with finitialized to 'val . 
and forime initialized to 0.0." 

tmp 
timp (- Self new: numVars. 
tnp value: val. 
fimp 

preferred 
preferredArrayClass preferred ArrayClass 

"Answer the class for use when accessing derivatives as a vector." 
"Author: 12 Jan 1989 graemeb" 

SimVectorIP 

testing 
primitively ImplementsBinarySelector: operator primitively.ImplementsBinarySelector: 

"Answer true if the given binary operator is implemented primitively by FAndGradF, else answer false." 
"Arguments: operator - <Symbold" 
"Author: 29 Jan 1989 graemeb" 

A 

self opcodeForBinarySelector operator ifAbsent: Iffalse). 
ftrue 

primitively.ImplementsRelationalSelector: 
primitivelyImplementsRelationalSelector: operator 

"Answer true if the given unary operator is implemented primitively by FAndGradF, else answer false." 
"Arguments: operator - <Symbol" 
"Author: 29 Jan 1989 graemeb" 

self opcodeForRelationalSelector operator ifAbsent: Iffalse). 
ftrue 

primitivesAvailable - primitivesAvailable 
"Answer true if the ADS interpreter is being used, else answer false." 

. "Author: 29 Jan 1989 graemeb" e 

fself get Error = -1 

accessing 
opcodeForbinarySelector: operator opcodeForbinarySelector: 

"Answer the FAndGradF primitive code, as a SmallInteger, for the given binary operator." 
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"Arguments: operator - <Symbols. The binary operator" - 
"Author: 29 Jan 1989 graeneb" 

1 self opcodeForBinarySelector. operator ifAbsent: (self internalError: 'Selector , operator, 'not in 
BinarySelectors for ', self namel 

opcodeForBinarySelector: operator ifAbsent: ablock - opcodeForBinarySelector:ifAbsent: 
"Answer the FAndGradF primitive code, as a SmallInteger, for the given binary operator. Execute ablock 

if the operator is not found." 
"Arguments: 

operator- <Symbol 
aBlock - <BlockContext)" 

"Author: 29 Jan 1989 graemeb" 

f(BinarySelectors indexOf: operator ifAbsent: (faBlock value) 
- 1 

opcodeForrelationalSelector: operator opcodeForrelationalSelector: 
"Answer the FAndGradf primitive code, as a Smallinteger, for the given relational operator. Execute 

aBlock if the operator is not found." 
"Arguments: 

operator- <Symbold." 
"Author: 29 Jan 1989 graemeb" 

y 9 fself opcodeForrelationalSelector operator ifAbsent: (self internalError. 'Selector 
RelationalSelectors for , self name 

, operator, '' not in 

opcodeForRelationalSelector:ifAbsent: 
opcodeForrelationalSelector: operator if Absent: ablock 

"Answer the FAndGradf primitive code, as a SmallInteger, for the given relational operator. Execute 
aBlock if the operator is not found." 

"Arguments: 
operator- <Symbold 
aBlock - <BlockContext)" ... " - 

"Author: 29 Jan 1989 graemeb" 

f(RelationalSelectors indexOf operator ifAbsent: (taBlock value) 

opcodeForUnarySelector: operator opcodeForUnarySelector: 
"Answer the FAndGradf primitive code, as a SmallInteger, for the given unary operator." 
"Arguments: operator - <Symbold. The unary operator" 
"Author: 29 Jan 1989 graemeb" 

fself opcodeForUnarySelector: operator ifAbsent: (self internalError. 'Selector" operator , ' not in 
UnarySelectors for , self name) 

opcodeForUnarySelector: operator ifAbsent: aBlock opcodeForUnarySelector;ifAbsent: 
"Answer the FAndGradF primitive code, as a SmallInteger, for the given unary operator. Execute ablock if 

the operator is not found." 
"Arguments. 

operator- <Symbolic 
aBlock - <BlockContex>" 

"Author: 29 Jan 1989 graemeb" 

f(UnarySelectors indexOf: operator ifAbsent: (TaBlock value) 
- 1 

error handling 
getFrror . . . getError 

"Answer the latest error code for FAndGradf as a SmallInteger. (Kurt has text for error codes.) Answer -1 
if the primitive fails. This indicates that the special ADS interpreter is not being used." 

"Author: 29 Jan 1989 graeneb" 
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< primitive: 255> 
1-1 

FAndGradfinitialize 

APPENDDX F 

From Tektronix Smalltalk-80 version TB2.2.2a of May 05, 1988, 18:14:03. on 19 September 1990 at 5:03:44 pm 
ADS version: ADS.2c3aTEK.007 LBa6.020 

CodeGenFAndGradf 

Object subclass: #CodeGenFAndGradE CodeGenFAndGradf 
instanceVariableNames: context activeDerivatives functionValue gradientValues' 
classWariableNames: ' 

A. pool Dictionaries: ' 
category: Tspice-MDS-To-C 

CodeGenFAndGradf comment: 
This class is used to represent an arithmetic value during the code-generation process. 
Author: 4 May 1989 graemeb; Revised: 17 Nov 89 sueb 

Instance variables: 

activeDerivatives <Integerd active-derivative mask with one bit allocated for each derivative 
wrt a model argument 
context <ModelCodeGenContext) 
functionValue <code-generation node> 
gradientValues <Array> of code-generation value nodes representing the values of the 
derivatives' 

controlling 

boolean:then:else:context: 
boolean: boolean Value then: thenBlock else: elseBlock context: a Context 

"Answer a CodeGenFAndGradF whose value represents an inline "if then else' statement. The result will 
contain a symbolic representation of the operation on the function values and all active partial derivatives. A 
regular 'if then else' statement is generated which assigns values to temporaries and these values are referenced 
by the returned CGF." 

"Arguments: 
boolean Value - <CodeGenBoolean) 
then Value - <CodeGenFAndGradF> 
else Walue - CCodeGenFAndGradf>" 

"Author: 8 May 1989 graemeb, Modified: 15 Aug 89 graemeb; Revised: 17 Nov 89 Sueb (move 
temporaryAssignments to context), Revised: 24 Jan 90 Sueb (removed unused temp), Revised: 2 Mar 90 Sueb 
(pass in context)" 

i preDeriv postDeriv deriv zeroNode then else thenValue elsevalue previousTempAssignments 

context e-aContext. 
previousTempAssignments - context temporary Assignments. 
context resetTemporary Assignments. 

then e-TspiceCodeGenBlockNode new initialize. -- 
else e-TspiceCodeGenBlockNode new initialize. 
then Value - then Block value. 
context addTemporaryAssignmentStatementsTo: then. 
context resetTemporary Assignments. 

elseWalue (- elseBlock value. 
context addTemporary AssignmentStatementsTo: else. 
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context resetTemporaryAssignments. - 
then addTemporaryAssignmentForValue: thenValue functionValue incontext context. 
functionValue (- else reuseTemporaryAssignmentForValue: elseWalue function Value inContext: context. 
context addTemporaryBoolean: (TspiceCodeGenConditional Node new boolean: booleanValue functionValue 

then: then else: else). 

activeDerivatives e- thenValue activeDerivatives bitOr: elseWalue activeDerivatives. 
gradientValues - Array new: (thenValue size max: elsevalue size). 

? zeroNode - TspiceCodeGenLiteralNode zero. 
1 to: gradientValues size do: 

: it 
preDerive- thenValue derivativeActiveFor: i. 
postDeriv (- elseWalue derivativeActiveFor: i. 
preDeriv 

ifTrue: (post Deriv 
if True: then addTemporaryAssignmentForValue: (thenValue derivative At: i) inContext 

Context 

w deriv - else reuseTemporaryAssignmentForValue: (elsevalue derivativeAt: i) - 
inContext context 

ifFalse: (then addTemporaryAssignmentForValue: (thenValue derivative At: i) inContext: 
context. 

deriv - else reuseTemporaryAssignmentForValue: ZeroNode inContext context) 
ifFalse: post Deriv 

if True: then addTemporary AssignmentForWalue: zeroNode inContext: context. 
deriv - else reuseTemporaryAssignmentForValue: (elseWalue derivative At: i) 

inContext: context 
ifFalse: (deriv - nil. 

gradientValues at i put: deriv). 

previousTempAssignments addAll: context temporaryAssignments. 
context temporaryAssignments: previousTempAssignments 
"* 5 Mar 90 10:23 an Sueb " 

arithmetic binary 
* acGFGF s 

"Answer the product of self with acGFGF. The result will contain a symbolic representation of the 
operation on the function values and all active partial derivatives." 

"Arguments: 
aCGFGF - CCodeGenFAndGradf>" 

"Author: 5 May 1989 graemeb" 

fself species new preoperand: self timesPostOperand: acGFGF 
- a CGFGF t 

"Answer the sum of self with acGFGF. The result will contain a symbolic representation of the operation 
on the function values and all active partial derivatives." 

"Arguments: 
aCGFGF - CCodeGenFAndGradF>" 

"Author. 5 May 1989 graemeb" 

fself species new preoperand: self plusPostOperand: acGFGF 
aCGFGF o 

"Answer the difference of self with acGFGF. The result will contain a symbolic representation of the 
operation on the function values and all active partial derivatives." - 

"Arguments: -- 

aCGFGF- CCodeGenFAndGradf>" 
"Author: 5 May 1989 graemeb" 

fself species new preOperand: self minusPostOperandt aCGFGF 
7 a.CGFGF f 

"Answer the quotient of self with acGFGF. The result will contain a symbolic representation of the 
operation on the function values and all active partial derivatives." 
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"Arguments: - 

aCGFGF - (<CodeGenFAndGradf>" 
"Author: 5 May 1989 graemeb" 

Tself species new preOperand: self overPostOperand: acGFGF 

protected RaisedTo: acGFGF protectedRaised to: 
"Answer the exponentiation of self with acGFGF where it is known that self> 0. The result will contain a 

symbolic representation of the operation on the function values and all active partial derivatives." 
"Arguments: 

aCGFGF- CCodeGenFAndGradf>" 
"Author: 7 Sep 90 graemeb" 

1 self species new preoperand: self protected RaisedToPostOperand: acGFGF 

"* 7 Sep 90 7.58pm graeneb *" 

raisedTo: acGFGF - raisedTo: 
"Answer the exponentiation of self with acGFGF. The result will contain a symbolic representation of the 

operation on the function values and all active partial derivatives." . 
"Arguments: 

aCGFGF - CCodeGenFAndGradf>" 
"Author: 5 May 1989 graemeb" 

fself species new preoperand: self raisedToPostOperand: acGFGF 

accessing 
active Derivatives active Derivatives 

"Answer the active-derivatives mask as an Integer." 
"Author: 5 May 1989 graemeb" 

factiveDerivatives 

context context 
"Answer the code-generation context." 
"Author: 5 May 1989 graemeb" 

foontext 

derivativeAt: argumentNumber derivativeAt: 
"Answer the value of the derivative of this variable with respect to the given model argument number. The 

derivative value is a code-generation node." 
"Author: 5 May 1989 graemeb" 

fgradientValues at argumentNumber 

functionArgValue functionArgValue 
4. "Answer the name of this variable as a code-generation value node. (Arguments print specially)" 

"Author: 5 May 1989 graemeb" 

ffunctionValue 

function Value functionWalue 
"Answer the function value of this variable as a code-generation value node." 
"Author: 5 May 1989 graemeb" 

functionValue - 

gradientValues gradientValues 
"Answer the derivatives of this variable as an Array of code-generation value nodes." 
"Author: 5 May 1989 graemeb" 

fgradientValues 
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numberOfActive)erivatives - numberOfActiveDerivatives 
"Answer the number of active (non-zero) derivatives for the receiver." - 
"Author: 27 Oct 89 Sueb" 

factiveDerivatives numbits 

size m - size 

"Answer the number of derivatives (active and inactive) carried in this variable." 
"Author: 5 May 1989 graemeb" 

fgradientValues size 

value value 
"This is here for compatibility with TspiceCodeGenBlockNodes -- both may be sent as 'then" and else' 

values used to create ConditionalNodes. Instances of this class simply return self when sent this message." 
"Author: 6 Nov 89 Sueb" 

1 self 

arithmetic unary 
abs abs 

"Answer abs(self)" 
"Author: 8 May 1989 graemeb" 

fself species new absoperand: self 

arctani actal 
"Answer atan(self.)" 
"Author: 8 May 1989 graemeb" 

Tself species new atanOperand: self 

"* 17 Aug 90 11:13 am erniem" 

arcTan arcTan 
"Answer atan(self)" 
"Author: 8 May 1989 graemeb" 

Tself species new atanOperand: self 

"* 17 Aug 90 11:13 an erniem. " 

ata - attan 

"Answer atan(self)" 
"Author: 8 May 1989 graemeb" 

self species new atanOperand: self 

"* 17 Aug 90 11:02 am erniem" 
COS COS 

"Answer cos(self)" 
"Author: 5 Mar 90 graemeb" 

fself species new cosOperand: self 

"* 5 Mar 90 12:16 pm erniem" - . - 

exp exp 
"Answer exp(self)" 
"Author: 8 May 1989 graemeb" 

fself species new expOperand: self 
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ln - lin 

"Answer in{self)" -- 
"Author: 8 May 1989 graemeb" 

fself species newlnOperand: Self 

negated - negated 
"Answer -(self)" . . . . 
"Author. 8 May 1989 graeneb" 

fself species new negatedOperand: Self 

reciprocal reciprocal 
"Answer 1/(self)" 
"Author: 8 May 1989 graemeb" 

fself species new reciprocalOperand: Self 
arithmetic unary - . CodeGenFAndGradF 

signum signum 
"Answer signum(self)" 
"Author: 8 Dec 89 graemeb" 

fself species new signumOperand: Self 
sin sin 

"Answer sin(self)" 
"Author: 5 Mar 90 graeneb" 

self species new sinoperand: self 

"5 Mar 90 12:15 pm erniem" 

Sqrt Sqrt 
"Answer sqrt(self)" 
"Author: 8 May 1989 graemeb" 

fself species new sqrtOperand: Self 

special functions 
bessel2Operand: operand delay: newDelayArgument bessel2Operand:delay: 

"Generate the code to return the didt of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb; Revised: 30 Apr 90 sueb.; Revised: 4 May 90 graemeb" 

instanceIndex deriv operandTemp offset 
context e- operand context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
instanceIndex - TspiceCodeGenLiteralNode new value: context nextBesselinstance. 
"Force a separate statement for storing the delay value...This is arg independent so will be moved to AI 

code." 
newDelayArgument activeDerivatives > 0 

if True: 
self userError: Bessel2 arg. < *, newDelayArgument functionValue printString, > is argument 

dependent'. ' 
context addTemporary Assignment: (newDelayArgument functionValue storeBessel2ParameterForInstance: 

instanceIndex). - 

offset {- context nextTemporaryInteger. 
context addExternal Variable: offset name. 
function Value (- operand functionValue bessel2Forinstance: instanceIndex delay: offset. 
activeDerivatives > 0 

if true: 
(1 to: gradientValues size do: (:ii. 

(operand derivativeActiveFor: i) 
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ifTrue: (deriv - (operand derivative At: i) besse2Derivative: offset m 
ifFalse: deriv e-nil. --- 

gradientValues at i put: deriv 

"* 21 Aug 90 2.36 pm graemeb *" 
W ddtOperand: operand adEUperand: 

"Generate the code to return the didt of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb" 18 

instanceIndex deriv offset 
context e- operand context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
instanceIndex - TspiceCodeGenLiteral Node new value: context nextIDdtnstance. 
offset - context nextTemporaryInteger. 
context addexternal Variable: offset name. 
functionValue e- operand function Value didtForinstance: instanceIndex offset: offset. 
activeDerivatives > 0 

if True: 
1 to: gradientValues size do: :ii 

(operand derivativeActiveFor: i) 
if true: (deriv (- (operand derivativeAt: i) didtiderivative 
ifFalse: (deriv - nil. 

gradientValues at i put: derivil 

"* 23 Aug 909:45 am graemeb" 

delayOperand: operand delay: newDelayArgument delayOperand:delay: 
"Generate the code to return the dat of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb; Revised: 30 Apr 90 sueb; Revised: 4 May 90 graemeb" 
instanceIndex deriv offset 

Context e- operand Context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
instanceIndex (-TspiceCodeGenLiteralNode new value: context nextDelayinstance. 

"Force a separate statement for storing the delay value. This is arg independent so will be moved to AI 
code." w 

newDelayArgument activeDerivatives > 0 
ifTre: 

(self userError: 'Delay arg. <', newDelayArgument functionValue printString, * > is argument 
dependent'). 

context addTemporary Assignment (newDelayArgument functionValue storeDelayParameterForInstance: 
instanceIndex). 

offset - context nextTemporaryInteger. 
context addExternal Variable: offset name. 
function Value (- operand functionValue delayForinstance: instanceIndex delay: offset. 
activeDerivatives > 0 

ifTrue: 
1 to: gradientValues size do: (:ii 

(operand derivative ActiveFor: i) 
if True: (deriv - (operand derivative At: i) delayDerivative: offset 
ifalse: deriv e-nil. 

gradientValues at: i put deriv 
integral Operand operand integralOperand: 

"Generate the code to return the integral of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb; Revised: 4 May 90 graeneb" 

instanceIndex deriv offset 
context - operand context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
instanceIndex - TspiceCodeGenLiteral Node new value: context nextIntegral Instance. 
offset - context nextTemporaryInteger. 
context addExternalVariable: offset name. 
functionValue - operand functionValue integral Forinstance: instanceIndex offset offset. 
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activeDerivatives > 0 
ifTrue: 

(1 to: gradientValues size do: :ii 
(operand derivativeActiveFor: i) 

if True: (deriv - (operand derivative At: i) integralDerivative 
ifFalse: deriv e-nil. 

gradientValues at i put: deriv 

"* 23 Aug 904:22 pm graeneb *" - 

private 
absoperand: operand absoperand: 

"Load the receiver with CodeGen nodes to represent abs(operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 28 Feb 1989 graeneb, Revised: 6 Dec 89 sueb (suppress creation of temporaryAssignments); 
Revised: 1 Aug 90 kurtk (un-suppress creation of temporaryAssignments)" 

deriv operandTemp fprime . 
context e- operand context 
activeDerivatives - operand activeDerivatives. . - 
gradientValues - Array new: operand size. 
activeDerivatives > 0 

if True: 
operand functionValue isExpression 

if True: operandTemp - context addTemporaryAssignment: operand functionValue) 
ifFalse: operandTemp - operand function Value). 

function Value - operandTemp abs. 
fPrime - operandTemp sign. 
activeDerivatives numBits > 1 if True: (fprime - context addTemporaryAssignment: operandTemp 

sign). 
1 to: gradientValues size do: 

: i 
(operand derivativeActiveFor: i) 

ifTrue: (deriv - fprime * (operand derivativeAtti) 
iffalse: deriv - nil. 

gradientValues at: i put: deriv)) 
ifFalse: function Value (- operand functionValue abs 

atanOperand: operand atan Operand: 
"Load the receiver with CodeGen nodes to represent atan(operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 28 Feb 1989 graemeb; Revised: 6 Dec 89 sueb (suppress creation of temporaryAssignments)" 

deriy fPrime one operandTempl 
context (- operand context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
activeDerivatives > 0 

if true: 

functionValue (- operand functionValue atan. 

one (- TspiceCodeGenLiteral Node one. 
operandTemp - context addTemporaryAssignment: operand functionValue. 
fPrime (- (one + (operandTemp" operandTemp) reciprocal. 

1 to: gradientValues size do: :ii 
(operand derivativeActiveFor: i) 

if True: deriv - frime * (operand derivative At: i) 
ifFalse: deriv - nil). 

gradientValues at: iput: deriv)) 

iffalse: - 

(functionValue - operand functionValue atan). 

"* 17 Aug 90 ll:16 am erniem" 
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cos0perand: operand cosOperand: 
"Load the receiver with CodeGen nodes to represent cos(operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 5 Mar 90 graemeb (suppress creation of temporaryAssignments); Revised: 4 May 90 graemeb; 
Revised: 1 Aug 90 kurtk (un-suppress creation of temporaryAssignments)" 

deriv operandTemp fprime - 
context - operand context. 
activeDerivatives e-operand activeDerivatives. 
gradientValues - Array new: operand size. 
active Derivatives > 0 

if True: 
operand functionValue isBxpression 

if True: operandTemp - context addTemporary Assignment: operand functionValue) 
ifFalse: operandTemp - operand functionValue). w 

function Value - operandTemp cos. 
activeDerivatives nunBits > 

if True: (fprime - context addTemporary Assignment: operandTemp sin negated) . 
ifFalse: (fprime - operandTemp sin negated. 

l to: gradientValues size do: 
(: i 
(operand derivativeActiveFor: i) 

ifTrue: (deriv - frrime * (operand derivative At: i)} 
ifFalse: deriv - nil). 

gradientValues at i put: deriv) W 
ifFalse: functionValue e- operand functionValue cos) 

expoperand: operand 
"Load the receiver with CodeGen nodes to represent exp?operand)." 
"Arguments: operand- <CodeGenFAndGradf>" 
"Author: 28 Feb 1989 graemeb; Revised: 6 Dec 89 sueb (suppress creation of temporaryAssignments); 
Revised: 1 Aug 90 kurtk (un-suppress creation of temporaryAssignments)" 

deriv 
context - operand context. 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
activeDerivatives > 0 

ifTre: 
functionvalue - context addTemporaryAssignment: operand functionValue exp. 
1 to: gradientValues size do: 

:il 
(operand derivativeActiveFor: i) 

if True: deriv - functionValue * (operand derivativeAtri) 
ifFalse: deriv e-nil. 

gradientValues at i put derivil 
iffalse: functionValue - operand functionValue exp) 

"* 8 Aug 90 11:23am kurtk" 

InOperand: operand noperand: 
"Load the receiver with CodeGen nodes to represent in?operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 28 Feb 1989 graemeb; Revised: 6 Dec 89 Sueb (suppress creation of temporaryAssignments) 
Revised: 3 Aug 90 kurtk (un-suppress creation of temporaryAssignments)" 

1 deriv operandTemp fprime 
context e- operand context 
activeDerivatives - operand activeDerivatives. 
gradientValues - Array new: operand size. 
activeDerivatives > 0 

ifTrue: 
operand functionValue isExpression 

ife: 
operandTempe-context addTemporaryAssignment: operand functionValue 

iffalse: 
(operandTemp - operand functionValue. 

functionValue - context addTemporaryAssignment operandTemp in. 
fPrime - functionValue reciprocal. 
1 to: gradientValues size do: : il 
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(operand derivativeActiveFor: i) 
ifTrue: deriv - fprime * (operand derivative At: i) . - 
ifFalse: (deriv - nil). A a 

gradientValues at i put derivil 

iffalse: 
functionValue e- operand functionValue lin). 

negatedOperand: operand m negated Operand: 
"Load the receiver with CodeGen nodes to represent -(operand)." 
"Arguments: operand- <CodeGenFAndGradF>" 
"Author: 8 May 1989 graemeb, Revised: 6 Nov 89 sueb (move temporaryAssignments to context)" 

| deriy 
context e- operand context. 
activeDerivatives - operand activeDerivatives. 
functionValue - operand function Value negated. 
gradientValues - Array new: operand size. 
1 to: gradientValues size do: 

: it 
(operand derivativeActiveFor: i) 

if True: deriv - (operand derivative At: i) negated) 
ifFalse: deriv - nil. 

gradientValues at i put: deriv 
pcomplexWith Args: args pcomplexWith Args: 

"Answer the Complex number which has the magnitude of argl and phase (in degrees) of arg2." 
"Arguments: args - <Array of code-generation values" 
"Author: 8 May 1989 graemeb" a 

magnitude 
magnitude e args at: 1. 
context e-magnitude context. 
context analysisMode = #dic 

ifTrue: (fmagnitude). 

"the next line is probably just a temporary kludge to get at more of the transient code." 
context analysis.Mode = #transient 

ifTrue: (fmagnitude). 
ve 

self halt: 'pcomplex only implemented for dc.'. 

"activeDerivatives - magnitude activeDerivatives. 
temporaryAssignments - magnitude temporaryAssignments. 

functionArgs - Array new args size. 
I to: args size do I: i functionArgs at i put: (args at: i) function Value)I. 
function Value - imposed Value function Value pcomplexWith Args: functionArgs. 

gradientValues - imposed Value gradientValues." 

"* 4 Apr 90 ll:18 am sueb" 

. . preoperand:minusPostOperand: 

preoperand: preoperand minusPostOperand: postOperand r . 
"Answer the difference of preOperand with postOperand. The result will contain a symbolic representation 

of the operation on the function values and all active partial derivatives." 
"Arguments: 

preoperand - <CodeGenFAndGradf> 
postOperand- <CodeGenFAndGradF>" 

"Author: 8 May 1989 graeneb. Revised: 6 Nov 89 Sueb (move temporaryAssignments to context)" 
preDeriv postDeriv deriv A. 

context e-preOperand context. 
activeDerivatives - preOperand activeDerivatives bitOr postOperand activeDerivatives. 
functionValue e-preoperand functionValue - postOperand function Value. 
gradientValues - Array new: (preOperand size max: postOperand size). 
1 to:gradientValues size do: 

: it 
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preDeriv e-preOperand derivative ActiveFor: i. 
postIDeriv (- postOperand derivativeActiveFor: i. - 
preDeriv - 

ifTrue: {postIDeriv 
if True: (deriv - (preoperand derivative At: i) - (postOperand derivative At: i) 
ifFalse: (deriv e-preOperand derivative At: ill 

ifFalse: postOeriv - 
if True: (deriv - (postOperand derivative At: i) negated 
ifFalse: (deriv e-nil. 

gradientValues at: iput: deriv) 

preoperand: preoperand overPostOperand: postOperand preoperand:overPostOperand: 
"Answer the quotient of preoperand with postOperand. The result will contain a symbolic representation of 

the operation on the function values and all active partial derivatives." 
"Arguments: 

preoperand - <CodeGenFAndGradF> 
postOperand- <CodeGenFAndGradF>" 

"Author: 8 May 1989 graemeb; Revised: 6 Dec 89 sueb (suppress creation of temporaryAssignments) ; 
Revised: 16 Aug 90 kurtk" 

preDeriv postIDeriv deriv preoperandFunctionValue postOperandFunctionValue 
context (- preoperand context. 
activeDerivatives e- preoperand activeDerivatives bitOr: postOperand activeDerivatives. 
preOperandFunctionValue - preoperand functionValue. 
postOperandFunctionValue (- postOperand function Value. . 
activeDerivatives > 0 . 

if True: 
(preoperandFunction Value isExpression and: postOperand activeDerivatives > 0) 

if True: preoperandFunction Value e- context addTemporary Assignment: 
preoperandFunction Value). . 

(postOperandFunctionValue isExpression and: postOperand activeDerivatives > 0 or preOperand 
activeDerivatives > 0))) 

if True: (postOperandFunctionValue - context addTemporaryAssignment: 
postOperandFunctionValue)). 

functionValue - preoperandFunction Value / postOperandFunctionValue. 
gradientValues - Array new: (preOperand size max: postOperand size). 
postOperand activeDerivatives > 0 

if True: 
function Value e- context addTemporaryAssignment: functionValue). 

1 to: gradientValues size do: w 
: i 
preDeriv e-preOperand derivativeActiveFor: i. 
postIDeriv (- postOperand derivativeActiveFor: i. 
preDeriv 

ifTrue: postDeriv 
ifTrue: (deriv - (preoperand derivative At: i) - (functionValue * (postOperand 

derivative At: i)) / postOperandFunctionValue) V 
ifFalse: (deriv e- (preOperand derivative At: i) / postOperandFunction Value) 

ifFalse: (postderiv - 

if True: (deriv - functionValue negated * (postOperand derivative At: i) / 
postOperand FunctionValue) 

ifFalse: (deriv e-nill). 
gradientValues at i put: deriv) 

"* 22 Aug 90 11:33 am kurtk" 

preoperand: preoperand plusPostOperand: postOperand preoperand:plusPostOperand: 
"Answer the sum of preoperand with postOperand. The result will contain a symbolic representation of the 

operation on the function values and all active partial derivatives." 
"Arguments: 

preoperand - <CodeGenFAndGradF> 
postOperand- <CodeGenFAndGradF>" 

"Author: 8 May 1989 graeneb Revised: 6 Nov 89 sweb (move temporaryAssignments to context)" 

preDeriv postderiv deriv 
context - preoperand context. 
activeDerivatives e-preOperand activeDerivatives bitOr: postOperand activeDerivatives. 
functionValue e-preOperand functionValue + postOperand functionValue. 
gradientValues - Array new: (preoperand size max: postOperand size). 
1 to: gradientValues size do: 
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:ii 
preDeriv - preOperand derivativeActiveFor: i. 
post Deriv (- postOperand derivativeActiveFor: i. 
preDeriv 

ifTrue: post Deriv 
ifTrue: (deriv - (preOperand derivative At: i) + (postOperand derivative At: i) 
iffalse: (deriv (- preoperand derivative At: i) 

ifFalse: (postDeriv 
ifTrue: (deriv (- postOperand derivative At: i 

- iffalse: deriv - nil). . . . 
gradientValues at i put: deriv 

"3 Aug 90 12:57 pm kurtk" 

preoperand:protectedRaisedToPostOperand: 
preoperand: preoperand protectedRaisedToPostOperand: postOperand 

"Answer the exponentiation of preoperand with postOperand where it is known that preOperand > 0. The 
result will contain a symbolic representation of the operation on the 
function values and all active partial derivatives." 
"Arguments: 
preoperand - <CodeGenFAndGradF> 
postOperand- <CodeGenFAndGradF>" 
"Author: 7 Sep 90 graemeb" 

deriv preOperandFunctionValue postOperandFunctionValue factorl factor2 
context - preOperand context. 
activeDerivatives - preOperand activeDerivatives bitOr: postOperand activeDerivatives. 
preoperandFunctionValue - preoperand functionValue. 
postOperandFunctionValue e-postOperand functionValue. 
gradientValues - Array new: (preOperand size max: postOperand size). 
activeDerivatives > 0 A. 

if True: 
preoperandFunctionValue isExpression if True; preOperandFunctionValue - context 

addtemporaryAssignment: preoperandFunctionValue). 
(preoperand activeDerivatives > 0 and: postOperandFunctionValue isExpression) 

if True: postOperandFunctionValue - context addTemporaryAssignment: - 
postOperandFunction Value). 

functionValue - context addTemporaryAssignment: (preoperandFunctionValue protected RaisedTo: 
postOperandFunction Value). 

factor) - postOperandFunctionValue * (functionValue / preoperandFunctionValue). 
preoperand numberOfActiveDerivatives > 1 if True: factor1 (- context addTemporaryAssignment: 

factorl). 
postOperand activeDerivatives > 0 

ifue: 
"postOperand has active derivatives" 
"postprettpost-1)" 
factor2 - preOperandFunctionValue in functionValue. 
postOperand numberOfActiveDerivatives > 1 ifTrue: factor2 - context 

addTemporary Assignment: factor2). 
1 to: gradientValues size do: 

i 
(preoperand derivativeActiveFor: i) 

ifTrue: deriv (- factor1 * (preoperand derivative At: i)) 
ifFalse: deriv e-nil. 

(postOperand derivativeActiveFor: i) 
if True: deriv isNil 

ifTrue: (deriv - factor2 * (postOperand derivativeAtti) 
ifFalse: (deriv - deriv + factor2 * (postOperand derivative At: ). 

gradientValues atc. iput: deriv) 
iffalse: "postOperand is a scalar" 

1 to: gradientValues size do: (: it (preOperand derivativeActiveFor: i) 
ifTrue: - 

deriv - factor * (preoperand derivative At: i). 
gradientValues at: i put: deriv) 

ifFalse: (functionValue - preOperandFunctionValue protectedRaisedTo: postOperandFunctionValue) 

"* 7 Sep 90 7.56 pm graemeb" 
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preoperand: raisedToPostOperand: 
preoperand: preoperand raisedToPostOperand: postOperand 

"Answer the exponentiation of preOperand with postOperand. The 
result will contain a symbolic representation of the operation on the 
function values and all active partial derivatives." 
"Arguments: 
preoperand - <CodeGen FAndGradF> 
postOperand- <CodeGen FAndGradF>" 
"Author: 8 May 1989 graeneb, Revised: 6 Nov 89 sueb (move 
temporaryAssignments to context) ; Revised: 9 Aug 90 kurtk 
re-enable temp assignments, massive rewrite, implement xfy where 
both r & y have active derivatives." 

deriv preoperandFunction Value postOperandFunctionValue factorl factor2 
context e-preOperand context. 
activeDerivatives - preoperand activeDerivatives bitOr: postOperand activeDerivatives. 
preoperandFunction Value (- preoperand function Value. V 
postOperandFunctionValue - postOperand function Value. 
gradientValues - Array new: (preOperand size max: postOperand size). 
activeDerivatives > 0 

if True: wh 
preoperandFunctionValue isExpression if True: (preOperandFunctionValue e-context 

addTemporary Assignment: preOperandFunctionValue). 
... (preoperand activeDerivatives > 0 and: postOperandFunctionValue isExpression) 

if True: postOperandFunctionValue - context addTemporaryAssignment: 
postOperandFunctionValue). 

w functionValue e- context addTemporaryAssignment: (preoperandFunction Value raisedTo: 
postOperandFunctionValue). 

factor (- postOperandFunctionValue" (functionValue / preOperandFunctionValue). 
preoperand numberOfActiveDerivatives > 1 if True: factori - context addTemporaryAssignment: 

factor1). 
postOperand activeDerivatives > 0 

ifTrue: 
"postOperand has active derivatives" 
"post'pret?post-1)" 
factor2 - preoperandFunctionValue in * functionValue. 
postOperand numberOfActiveDerivatives > 1 if true: (factor2 - context 

addTemporaryAssignment: factor2. 
1 to: gradientValues size do: 

: i 
(preOperand derivativeActiveFor: i) 

ifTrue: (deriv - factori * (preOperand derivativeAt: ) 
ifFalse: (deriv - nil). 

(postOperand derivativeActiveFor: i) 
if True: (deriv isNil 

ifTrue: (deriv (- factor2 * (postOperand derivative At: i)} 
ifFalse: deriv (- deriv + factor2 * (postOperand derivative At: i). 

gradientValues at: i put: deriv)) 
ifFalse: "postOperand is a scalar" 

1 to: gradientValues size do: :ii (preOperand derivativeActiveFor: i) 
if true: 

deriv - factor1 * (preOperand derivative At: i). 
gradientValues at: i put: deriv))}} 

ifFalse: (functionValue (- preOperandFunctionValue raisedTo: postOperandFunctionValue) 

"* 10 Aug 909:57am kurtk" 

preCoperand:timespostOperand: 
preoperand: preoperand timespostOperand: postOperand 

"Answer the product of preoperand with postOperand. The result will contain a symbolic representation of 
the operation on the function values and all active partial derivatives." 

"Arguments: 
preoperand - <CodeGenFAndGradF> 
postOperand- <CodeGenFAndGradf>" . . . . 

... "Author: 5 May 1989 graemeb, Revised: 6 Dec 89 sueb (suppress creation of temporaryAssignments)" 

I preDeriv post Deriv deriv preoperandFunctionValue postOperandFunctionValue 
context e-preCperand context. 
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activeDerivatives e- preoperand activeDerivatives bitOr: postOperand activeDerivatives. 
preOperandFunctionValue e-preoperand functionValue. 
postOperandFunctionValue (- postOperand functionValue. 
(preOperandFunctionValue isExpression and: (postOperand activeDerivatives > 0) 

ifTrue: preoperandFunctionValue - context addremporaryAssignment preOperandFunctionValue). 
(postOperandFunctionValue isExpression and: (preOperand activeDerivatives > 0) 

ifTrue: postOperandFunction Value - context addtemporaryAssignment: postOperandFunction Value). 
function Value - preOperandFunctionValue * postOperandFunctionValue. 
gradientValues (- Array new: (preOperand size max: postOperand size). 
1 to:gradientValues size do: 

: it 
preDeriv e-preoperand derivativeActiveFor: i. 
post Deriv (- postOperand derivativeActiveFor: i. 
preDeriv 

if true: postDeriv 
ifTrue: (deriv - preoperandFunctionValue * (postOperand derivativeAt i) + (preoperand 

derivative At: i)" postOperandFunctionValue)) 
ifFalse: (derive- (preOperand derivative At: i) * postOperandFunctionValue) 

ifFalse: postDeriv 
ifTrue: (deriv (- preoperandFunctionValue * (postOperand derivativeAt: i) 
ifFalse: deriv e-nil. 

gradientValues at i put: deriv 

"*31 Jul 902:05pm kurtk" 

reciprocal Operand: operand reciprocalOperand: 
"Load the receiver with CodeGen nodes to represent 1/(operand)." 
"Arguments: operand- <CodeGenFAndGradF>" 
"Author: 8 May 1989 graeneb, Revised: 6 Nov 89 sueb (move temporaryAssignments to context); 

Revised: 31 Jul 90 kurtk (add temporary assignment)" 

deriv operandFunctionValue 
context e- operand context. 
activeDerivatives - operand activeDerivatives. 
operandFunctionValue e- operand functionValue. 
operandFunctionValue isexpression - 

if True: operandFunction Value - context addTemporary Assignment: operandFunctionValue. 
functionValue - operandFunctionValue reciprocai. 
gradientValues - Array new: operand size. 
1 to: gradientValues size do: 

: i 
(operand derivative ActiveFor: i) 

ifTrue: (deriv - (operand derivative At: i) negated / 
(operandFunctionValue * operandFunctionValue) 

ifFalse: (deriv e-nil. 
gradientValues at i put: deriv) 

"* 31 Jul 906:03pm kurtk" 
signumOperand: operand signumOperand: 

"Load the receiver with CodeGen nodes to represent signum(operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 8 Dec 89 graemeb, Revised: 17 Jan 90 sueb (removed temporary assignments); Revised: 24 Jan 

90 Sueb (removed unused temps)." 

context - operand context. 
activeDerivatives - 0. 
gradientValues e-Array new: operand size. Y 
functionValue (- operand function Value signum. 
"* 24 Jan 905:57 pm sueb" 

sinoperand: operand sinCoperand: 
"Load the receiver with CodeGen nodes to represent sin(operand)." 
"Arguments: operand - <CodeGenFAndGradF>" 
"Author: 5 Mar 90 graemeb (suppress creation of 
temporaryAssignments); Revised: 4 May 90 graemeb; 
Revised: 1 Aug 90 kurtk (unsuppress creation of 
temporaryAssignments)" 
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| deriv operandTemp fprime 
context e-operand context. 
activeDerivatives (- operand activeDerivatives. 
gradientValues - Array new: operand size. 
activeDerivatives > 0 

if rue: 
operand function Value isExpression 

if true: (operandTemp - context addTemporaryAssignment: operand functionValue 
ifFalse: (operandTemp - operand functionValue). 

functionValue - operandTemp sin. 
activeDerivatives numbits > 1 . . 

ifTrue: (fprime e- context addfemporaryAssignment: operandTemp cos) 
ifFalse: (fprime e- operandTemp cos). 

1 to: gradientValues size do: 
: it 
(operand derivativeActiveFor: i) 

if True: (deriv - frrime * (operand derivativeAt: i)) 
ifFalse: deriv - nil). 

gradientValues at i put: derivl) 
ifFalse: (functionValue - operand functionValue sin) 

"* 3 Aug 90 12:25 pm kurtk" 
smallSignalWith Args: args smallSignalWith Args: 

"Answer the small-signal component (gradient) of self with respect to the argument. The argument is 
assumed to be an CodeGenArgumentFAndGradf. This method will fail if this is not true." 

"Arguments: args - <Array> of code-generation values" 
"Author: 8 May 1989 graemeb, Revised: 6 Nov 89 sueb (move temporaryAssignments to context)" 

largl arg2 
arg1 e- args at: 1. 
arg2 - args at 2. 
activeDerivatives e- 0. 
context - argl context. 
functionValue - argl derivative At: arg2 argumentNumber. 
gradientValues - Array new: 0. 

spiceDepletionChargeWith Args:inContext: 
spiceDepletionChargeWith Args: args in Context aContext 

"Answer the value of junction depletion charge for the given arguments using the spice formula." 
"Arguments: args - <Array> of code-generation values" 
"Author: 8 May 1989 graemeb, Revised: 2 Mar 90 sueb (pass context); Revised: 7 Sep 90 graemeb, 

convert to protected raised to and push out temporary assignments for speed." 

cjpb mjfc vojoneMinusFc oneMinusMjoneMinusFcRaisedToMjqj0 qjl qj2 deltaVi one v two cpm 
vj - args at: 1. 
cj{- args at: 2. y 
pb e- args at 3. 
mjé- args at 4. 
fe e-cargs at 5. 

vaje- (fc * pb) makeTemporaryAssignment 
one - 1.0d0 asCodeGenFAndGradFWithContext vicontext "Yuck." 
two (- 2.0d0 asCodeGenFAndGradFWithContext vi context. 
oneMinusMje- (one - mj) makeTemporaryAssignment. 
oneMinusFo (- one - fo. 
oneMinusFcRaisedToMj (- oneMinusFc protected RaisedTo: mj. 
qj0 - (cj* pb " (one - (oneMinusFc / oneMinusFcRaisedToM)) / oneMinusM) 

makeTemporary Assignment. 
qji - (cj? oneMinusFcRaisedToMj) makeTemporaryAssignment. 
q2 - (cj* mjf (oneMinusFc * oneMinusFcRaisedToMj* pb)) makeTemporaryAssignment. 
cpm - (cj* pb / oneMinusM) makeTemporaryAssignment. 

fvj> vqi 
iftrue: 

deltaVij (-vj- voj. 
(deltaVij* (deltaVij" (qj2 / two)) + qj1)) + q0) 

iffalse: 
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(one - (one - (vj/pb) protected RaisedTo: oneMinusM)) * cpm) 
context: acontext 

"* 7 Sep 908:01 pm graemeb". 
spiceInvertWith Args: args inContext aContext spiceInvertWith Args:inContext: 

"Answer the reciprocal of self if self not the special value. Answer zero if self is the special value." 
"Arguments: args - <Array> of code-generation values" . 
"Author: 8 May 1989 graeneb, Revised: 2 Mar 90 sueb (pass context)" 

largl specialValue 
arg1 - args at: 1. 
special Value (- args at: 2. 

farg1 = specialValue 
iftrue: (0.0d0 asCodeGenFAndGradFWithContext: argl context) 
iffalse: argl reciprocal 
context aContext 

"* 5 Mar 90 11:49 an Sueb *" 

- spiceJunctionCurrentWith Args:incontext: 
spiceJunctionCurrentWith Args: args inContext: acontext 

Infvt is reverseBreakpointVMultiplier Ivj gmin factor lilgi vj one 
"Arguments: args - <Arrayd of code-generation values" w 
"Answer the value of junction current for the given arguments using the spice formula." 
" ; Revised: 2 Mar 90 sueb (pass context)" 

vj - args at l. v 
nfvt e- args at: 2. 
is e- args at 3. 
reverseBreakpointVtMultiplier (- args at 4. 
lve- reverseBreakpointViMultiplier * infvt. 
gmin (- args at 5. 
one - 10d.0 asCodeGenFAndGradFWithContext: vijcontext. 

vj > lvi 
iftrue: 

(((vj/nfvt) exp - one) " is + (vj gmin) 
iffalse: 

factor - reverseBreakpointVMultiplier exp. 
lije- is * (factor - one) + (gmin "lvi). 
lgj (- is * factor /nfvt + gmin. 
(vj-lv) * igj + lij 

context aContext 

"* 5 Mar 90 11:49 an Sueb *" " . 

sqrtOperand: operand sqrtOperand: 
"Load the receiver with CodeGen nodes to represent sqrt(operand)." 
"Arguments: operand- <CodeGenFAndGradF>" 
"Author: 8 May 1989 graemeb; Revised: 6 Noy 89 Sueb (move temporaryAssignments to context); 
Revised: 1 Aug 90 kurtk (add temporaryAssignments)" 

deriv operandTemp 
context - operand Context. 
activeDerivatives - operand activeDerivatives. 
function Value - operand functionValue Sqrt. 
gradientValues (- Array new: operand size. 
active derivatives > 0 

if True: 
(operand functionValue isExpression 

ifTrue: operandTemp - context addTemporaryAssignment: operand functionValue) 
ifFalse: operandTemp - operand function Value). 

functionValue e- context addTemporaryAssignment operandTemp sqrt. 
1 to: gradientValues size do: 

: i ! 
(operand derivativeActiveFor: i) 

we 
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if True: deriv e- (self preferred Literal Node new value: 0.5dO) 
f functionValue * (operand derivative At: i) 

ifFalse: deriv e-nil). 
gradientValues at i put: derivil 

ifFalse: (functionValue e- operand function Value Sqrt) 

"* 1 Aug 90 12:11 pm kurtk" 

relational binary 
< a.CGFGF K 

"Answer a boolean value representing self< a.CGFGF. The result will contain a symbolic representation of 
the operation on the function values." 

"Arguments: 
CGFGF- <CodeGenFAndGradf>" 

"Author: 8 May 1989 graemeb" 

tself preferred BooleanClass new preOperand: self ITPostOperand: acGFGF 
<s aGGFGF ae 

"Answer a boolean value representing self<= acGFGF. The result will contain a symbolic representation 
of the operation on the function values." 

"Arguments: 
aCGFGF- <CodeGenFAndGradf>" 

"Author: 8 May 1989 graeneb" 

fself preferred BooleanClass new preOperand: self IEPostOperand: acGFGF 

aOGFGF 
"Answer a boolean value representing self = acGFGF. The result will contain a symbolic representation o 

the operation on the function values." 
"Arguments: 

aCGFGF- CCodeGenFAndGradf>" 
"Author: 8 May 1989 gracmeb" 

1 self preferredBooleanClass new preoperand: self eQPostOperand: acGFGF 

> aGGFGF . > 
"Answer a boolean value. representing self> aCGFGF. The result will contain a symbolic representation of 

the operation on the function values." 
"Arguments: 

aCGFGF- <CodeGenFAndGradf>" 
"Author: 8 May 1989 graeneb" 

Tself preferredBooleanClass new preOperand: self gTPostOperand: acGFGF 

sal acGFGF o: 
"Answer a boolean value representing self>= aCGFGF. The result will contain a symbolic representation 

of the operation on the function values." 
"Arguments: 

aCGFGF - CCodeGenFAndGradf>" 
"Author: 8 May 1989 graeneb" 

Tself preferredBooleanClass new preoperand: self gEPostOperand: acGFGF 

aGGFGF . . . . . -- 

"Answer a boolean value representing self = acGFGF. The result will contain a symbolic representation 
of the operation on the function values." 

"Arguments: 
aCGFGF - CCodeGenFAndGradf>" 

"Author: 8 May 1989 graeneb" 
w 

Tself preferredBooleanclass new preoperand: self nEPostOperand: acGFGF 

error handling 
valueOutCfRange: a VariableNodeWithRangechecking valueOutCofrange: 

"Answer a code-generation node representing a variable out of range' condition." 
"Author: 8 May 1989 graeneb" 
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functionValue valueOutCfRange: aWariableNodeWithRangeChecking 

initialize-release 
makeTemporary Assignment makeTemporary Assignment 

"Make a temporary assignment for the function value if there are no active derivatives. This requires that 
there be NOREUSE of values since this object is changed to reflect the generated assignment." 

"Author: 8 Aug 90 graemeb" 

activeDerivatives = 0 if True: functionValue - context addTemporaryAssignment function Value). 

"* 8 Aug 90 12:36 pm graemeb" 

setActiveDerivativesTo: derivatives setActive)erivativesTo: 
"Set the active derivatives to the given mask. Also, Rebuild the names of the new active derivatives." 
"Arguments: 

derivatives - Kintegerd active-derivative mask." 
"Author: 4 May 1989 graemeb; Revised: 17 Nov 89 Sueb (cache argumentNames in context)" 

activeDerivatives - derivatives. 
gradientValues - Array new: context numberOfArguments. 
1 to: gradientValues size do: 

: i (self derivativeActiveFor: i) 
ifTrue: gradientValues at: iput. (self preferredVariableNode new name: functionValue name, 'e- 

, (context argumentNames at: i)))) 
setExpression: value and Context: acontext setFxpression:and Context: 

"Set up a coge-generation object to represent a constant with the given value." 
"Arguments: 

value - <e.g., a TspiceCodeGenBinaryNode> 
aContext - <ModelCodeGenContext." 

"Author: 9 Noy 89 Sueb" 

context e- acontext. 
activeDerivatives - 0. 
function Value - value. 
gradientValues e-Array new: 0 

setName: name and Context aContext w setNane:and Context: 
"Set the name and context for the receiver. Set the active derivtives to zero to represent an argument 

independent value." 
"Arguments: 

ce - <String> name of the variable represented by the receiver 
aContext - <ModelCodeGenContex>" 

"Author: 4 May 1989 graemeb; Revised: 6 Nov 89 sueb (move temporaryAssignments to context)" 

context - acontext. v 
activeDerivatives - 0. 
function Value - self preferredVariableNode new name: name. 
gradientValues - Amay new: 0 

setSize:activeDerivatives:and Name:and Context: 
setSize: size activeDerivatives: derivatives and Name: name and Context aContext 

"Set the number of arguments (size), the active derivatives, name and context for the receiver. This will 
represent an argument-dependent variable if "activelDerivatives' is non-zero." 

"Arguments: 
size - <Integerd number of model arguments 
derivatives - <Integerd a mask with one bit for each model argument (bit set - derivative wrt that 

arg. is active) 
ae - <String> name of the variable represented by the receiver 

aContext - <ModelcodeGenContext." 
"Author: 4 May 1989 graemeb, Revised: 17 Nov 89 sueb (cache argumentNames in context)" 

context - acontext. 
activeDerivatives e-derivatives. 
functionValue - self preferred VariableNode new name: name. 
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gradientValues ( - Array new: size. 
1 to: size do: 

:ii (self derivativeActiveFor: i) 
ifTrue:gradientValues at: i put: (self preferredVariableNode new name: name, '-', (context 

argumentNames at: i))) 

setValue: value andContext: a Context setValue:and Context: 
"Set up a coge-generation object to represent a constant with the given value." 
"Arguments: 

value CDoubleFloat 
aContext - <ModelCodeGenConterne" 

"Author: 5 May 1989 graemeb; Revised: 6 Nov 89 sueb (move temporaryAssignments to context)" 
context - acontext. 
activeDerivatives - 0. 
functionValue e- self preferred Literal Node new value: value. 
gradientValues - Array new: 0 

testing 
derivativeActiveFor: i derivativeActiveEor: 

"Answer true if the derivative of this variable with respect to model argument number 'i' is active, else 
answer false." 

"Arguments: 
i - <Integerd model argument number" 

"Author: 8 May 1989 graemeb" 

f(activeDerivatives bitShift: 1 - i) bit.And: 1) = 0 
equivalentTo: acodeGenNode equivalentTo: 

"Return true if acodeGenNode represents the same function value and derivatives as the receiver." 
"Author: I May 90 Sueb" 

IcgGradientValues size gradient V 
(aCodeGenNode isCodeGenFAndGradF and: 

(size (-gradientValues size) = acodeGenNode size and: 
functionValue equivalentTo: acodeGenNode functionValue) 

ifFalse: (false). 
cgGradientValues - acodeGenNode gradientValues. 

to: size do: 
(:i (gradient - gradientValues at: i) isNil 
va ifTrue: 

gradient = (cgGradientValues at: i) 
ifFalse: ffalse) 

ifFalse: 
(gradient equivalentTo: (cgGradientValues at: i)) 

ifFalse: ffalse)). 
true 

"* 3 May 908:06 am sueb" 

isCodeGenFAndGrad isCodeGen FAndGradf 
"Return true since the receiver is a CodeGenFAndGradF (used during the renaming of temporary .. 

variables)." 
"Author: 22 Nov 89 Sueb" 

ftrue 

notSameAs: a CodeGenNode notSaneAs: 
"Answer true if the receiver and acodeGenNode are the same object (this method is needed since = has 

been overridded for this class." 
"Author: 14 Nov 89 Sueb" 

Tsuper = acodeGenNode 
okToMoveToArgument IndependentBlock okToMoveToArgument IndependentBlock 

"Return true if the receiver represents a code statement that can be moved to the argument-independent 
function. (Exceptions include the derivative statements for transient functions.)" 
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"Author: 14 May 90 sueb" 
self halt: "This should not be called?gb.'. 

functionValue okToMoveTo Argument IndependentBlock 

"* 23 Aug 905:44 pm graemeb" 

sameAS: aOodeGenNode SameAS: 
"Answer true if the receiver and acodeGenNode are the same object (this method is needed since = has 

been overridded for this class." 
"Author. 14 Nov 89 Sueb" 

1super = acodeGenNode 

preferred 
preferredBooleanClass preferredBooleanClass 

"Answer the class preferred for constructing a boolean code-generation value." 
"Author: 8 May 1989 graemeb" 

CodeGenBoolean 
v 

preferred LiteralNode preferred literal Node 
"Answer the class preferred for constructing a code-generation literal node." 
"Author: 8 May 1989 graemeb" a 

TspiceCodeGenLiteralNode 

preferred UnaryNode preferred UnaryNode 
"Answer the class preferred for constructing a code-generation unary node." 
"Author: 8 May 1989 graeneb" 

TspiceModel UnaryNode 

preferred VariableNode preferred VariableNode 
"Answer the class preferred for constructing a code-generation variable node." 
"Author: 8 May 1989 graeneb" 

fTspiceCodeGenvariableNode 

data flow analysis 
referenced Variables referenced variables 

"Return a Set of names of the variables referenced by the receiver" 
"Author: 6 Nov 89 Sueb" 

1 functionValue referencedVariables 

renameReferenced Variable: oldName to: newName renameReferenced Variableto: 
"Rename the variable 'oldName' to 'newName'." 
"Author: . 22 Nov 89 Sueb" 

functionValue isExpression w 
ifTrue: functionValue renameReferencedVariable: old.Name to: newName) 
ifrase: 

(functionValue isliteral not and: functionValue name = oldName)) 
ifTrue: (function Value - TspiceCodeGenVariableNode new name: newNamel) 

printing 
addWarDeclarationsor: varName toContext aContext addWar Declarationsor:toContext: 

"Add declarations for the given variable and its active derivatives." 
"Arguments: 

variName - <String> 
aContext - <ModelCodeGenContext)" 

"Author: 8 May 1989 graemeb, Revised: 17 Nov 89 sueb (cache argumentNames in context); Revised: 16 
Aug 90 graeneb" 
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aContext addWarDeclaration: varname. 
to: gradientValues size do: 

: it (self derivativeActiveFor: i) 
if True: acontext addVarDeclaration: varname, 'e-', (context argumentNames at: i)) 

"* 22 Aug 90 12:04 pm graemeb" 

printOn: aStream printOn: 
- "Print in standard format the function value and active derivatives of this variable." 

"Arguments: 
aStream - <writeable stream)" 

"Author: 8 May 1989 graemeb" 
th 

functionValue printOn: aStream. 
aStream cr. 
gradientValues do: 

: gradientValue 
gradientValue printOn: aStream. 
aStream cr) 

converting 
asCodeGenFAndGradfWithContext aContext asCodeGenFAndGradEWithContext: 

"Answer an equivalent CodeGenFAndGradF." 
"Arguments: 

aContext - CModelCodeGenContent>" 
"Author: 4 May 1989 graemeb" 

fself 

asCodeGenFAndGradRWith Name:and Context: 
asCodeGenEAndGradfWith Name: name and Context: acontext 

"Answer a code-generation object corresponding to self." 
"Arguments: 

are : - <String> 
aContext - <ModelCodeGenContext." 

"Author: 4 May 1989 graemeb" . . . 
fself species new setSize: gradientValues size 

activeDerivatives: activeDerivatives 
and Name: name 
andContext aContext. 

"* 8 Aug 905:10pm graemeb *" 

arithmetic functions 
bessel2: newDelayArgument bessel2: 

"Generate the code to return the bessel2 of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb" 

fself species new bessel2Operand: self delay: newDelayArgument 

"* 5 Apr 90 11:23 am sueb. *" 

didt didt 
"Generate the code to return the didt of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb" 

V 

fself species new ddtOperand: self 

"* 5 Apr 909:10 am sueb" 
delay: newDelayArgument d delay: 

"Generate the code to return the delay of the receiver for the backend simulator." 
"Author: 4 Apr 90 Sueb" 
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self species new delayOperand: self delay: newDelayArgument 

"* 5 Apr 90 11:27 am sueb" 

integral integral 
"Generate the code to return the integral of the receiver for the backend simulator." 
"Author: 4 Apr 90 sueb" 

fself species new integralOperand: self 

"* 5 Apr 90 11:29 am sueb" 

max: argArray . . . . - - - - - - - - - - --- v 8 - max: 

"Answer the maximum of argument l and argument 2. The result will contain a symbolic representation of 
the operation on the function values and all active partial derivatives. Note that self-ae argument 1." 

"Arguments: w 

argArray - <Array> of CodeGenFAndGradF" 
"Author: 5 May 1989 graemeb; Revised: 5 Mar 90 sueb (pass context)" 

aCGFGF 
aCGFGF (- argArray at 2. 
self species new boolean: self> acGFGF 

then: self 
else: aOGFGF 
context: acGFGF context 

"5 Mar 90 11:47 am sueb" 
min: argArray min: 

"Answer the minimum of argument 1 and argument 2. The result will contain a symbolic representation of 
the operation on the function values and all active partial derivatives. Note that self== argument 1." 

"Arguments. 
argArray - <Array> of CodeGenFAndGradF" 

'Author. 5 May 1989 graemeb; Revised: 5 Mar 90 Sueb (pass context)" 

aOGFGF 
aCGFGF - argArray at 2. 
fself species new boolean: self<aCGFGF 

then: self 
else: acGFGF 
context: acGFGF context 

"* 5 Mar 90 II.47 an Sueb *" 

pcomplex: args pcomplex: 
"Answer the Complex number which has the magnitude of argl and phase (in degrees) of arg2." 
"Arguments: args <Array of code-generation nodes" 
"Author: 8 May 1989 graemeb" w 

Tself species new pcomplexWithArgs: args 

sign: argArray s A. sign: 
"Answer the magnitude of argument 1 times sign of argument 2. The result will contain a symbolic 

representation of the operation on the function values and all active partial derivatives. Note that self == 
argumenrl." 

"Arguments: 
argArray - <Array> of CodeGenFAndGradF" 

"Author: 8 Dec 89 graemeb" 

aCGFGF 
aCGFGF - argArray at 2. 
self abs" acGFGF signum 

smallSignal: args smallSignal: 
"Answer the small-signal component (gradient) of self with respect to the argument. The argument is 

assumed to be an CodeGenArgumentFAndGradf. This method will fail if this is not true." 
"Arguments: args - <Array> of code-generation values" af 
"Author: 8 May 1989 graemeb" 
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1self species new smallSignalWith Args: args 

spiceDepletionCharge: functionArgs spiceDepletionCharge: 
"Answer the value of junction depletion charge for the given arguments using the spice formula." 
"Arguments: args - <Array) of code-generation values" 
"Author: 8 May 1989 graeneb Revised: 2 Mar 90 sueb (pass context)" 

self species new spiceDepletionChargeWithArgs: functionArgs inContext: self context 

"* 5 Mar 90 11:48 an Sueb *" 

spiceInvert: args s 
"Answer the reciprocal of self if self not the special value. Answer zero if self is the special value." 
"Arguments: args - <Array> of code-generation values" 
"Author: 8 May 1989 graemeb, Revised: 2 Mar 90 sueb (pass context)" 

Tself species new spiceInvertWithArgs: args inContext: context 

"* 5 Mar 90 1 148 an Sueb " 

spiceJunction Current: args spicejunction Current: 
"Answer the value of junction current for the given arguments using the spice formula." 
"Arguments: args - <Array> of code-generation values" 
"Author: 8 May 1989 graeneb : Revised: 2 Mar 90 sueb (pass context)" . 

fself species new spiceJunctionCurrentWith Args: args inContext: context 

"5 Mar 90 11:48 am sueb" 

APPENDIX G 

From Tektronix Smalltalk-80 version TB222a of May 05, 1988, 18:14:03. on 2 October 1990 at 11:56:16 an 
ADS version. ADS.2c3aTEK.007 LBa6,020 

ArgumentFAndGradF. 

AbstractFAndGradE subclass: #ArgumentFAndGrad F ArgumentFAndGradF 
instanceVariableNames: argumentNumber imposed Value limited 
class VariableNames: ' 
pool Dictionaries: ' 
category: Vector-Algebra 

ArgumentFAndGradE comment: 
The class handles model arguments. 
Author: 2 January 1989 graemeb 

Instance variables: 

argumentNumber <Integerd indicates the position in other FAndGradFs where the partial derivative 
with respect to this argument will be found 
imposed Value CDoubleFloate 
inited <Booleane flag is true if argument has just been limited 

mathematical functions 

logarithmicPeltaCompressionWith Parameters: 
logarithmicDeltaCompressionWith Parameters: array 

"Limit the variation of the argument from call to call if the new argument is outside the given range. 
Initialize the argument to the given value." 

"Author: 16 Aug 89 graemeb; Modified: 9 Oct 89 graemeb" 

delta referenceArgValue newValue x xAbsy 

delta e- (array at: 1) value. 

spiceInvert: e 
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reference ArgValue - fandGradF value. 
referenceArgValue = 1.0d30 

ifTrue: 
newValue - (array at: 2) value 

ifFalse: 
x - (imposedValue - reference ArgValue) faelta. 
xAbs - x abs. 
(xAbs a 1.0d0) 

ife: 
(limited - true. 
y - (1.0dO + xAbs in) * x sign. 
newValue - delta y + referenceArgValue 

iffalse: 
newValue - imposed Value. 

ffAndGradF value: newValue 

SpiceBreakdownunctionLimit WithParameters: 
spiceBreakdownJunctionLimitWithParameters: array 

"Limit the variation of the argument from call to call for junctions with breakdown. This is the limiting 
algorithm used in Berkeley Spice." 

"Author: 3 January 1989 graemeb, Modified: 7 Apr 1989 graemeb, test for arg. = 1d30 as key to 
initialize; Revised: 15 Aug 90 graeneb " 

newValue wt vcrit offset referenceArgValue is state 

vt array at: 1. 
is e-array at 2. 
offset - array at: 3. 
vcrit - vt * (vt/ (2.0d0 sqrt * is) ln. 

referenceArgValue - fandGradF value. 
referenceArgValue = 1.0d30 

ifTrue: 
newValue - victit 
ffAndGradF value: newValue. 

newValue - self spiceJunctionLimit: imposedValue reference: reference ArgValue vt vt vcrit: 
vcrit"Forward limiting." 

inited 
ifTrue: fAndGradF value: newValue). 

offset isNegativeInfinity 
ifFalse: "Reverse breakdown limiting." 

newValue - self spiceJunctionLimit: (imposedValue - offset) negated reference: 
(referenceArgValue - offset) negated vt vt vorit: vcrit 

limited 
ifTrue: (ffAndGradF value: newValue negated + offset)). 

ffAndGradF value: imposedValue 

"* 15 Aug 90 11:42 am graemeb" 

spiceCSLimitWithParameters: maxDelta spiceCSLimitWithParameters: 
"Limit the variation of the argument from call to call to a value of 'maxDelta'. This is the limiting 

algorithm used in Berkeley Spice for the controlled sources." w 
"Author: 2 January 1989 graemeb, Modified: 7 Apr 1989 graeneb, test for arg. = Id30 as key to 

initialize: Modified: 7 Sep 89 graeneb, bugfix" 

referenceArgValue delta newValue 
reference ArgValue e-fandGradF value. 
reference ArgValue = 1.0d30 

ifTrue: 
newValue - 0.0d0. 
TfAndGradF value: newValue). 

delta - imposedValue - reference ArgValue. 
delta abS K maxDelta 

if True: newValue - imposed Value) 
ifFalse: limited - true. 

newValue - reference ArgValue + (maxDelta * delta sign). 
ffAndGradF value: newValue 



5,363,320 
159 160 

spiceJunctionLimitWith Parameters: array spiceJunctionLimitWith Parameters: 
"Limit the variation of the argument from call to call for functions of the form "is" (exp(arg/vt)-1)". This is 

the limiting algorithm used in Berkeley Spice. Initialize the junction voltage to vcrit." 
"Author: 2 January 1989 graemeb, Modified: 16 Aug 89 graemeb... add to comment" 

newValue vt verit referenceArgValue is V 

" State is currently handled by the off-element loader. 
state - array at: 3. 
state = 0.0dO h 

ifTrue: ?treferenceValue value: 0.0d0). 

vt e-array at 1. 
is e-array at 2. 
vcrite-vt. * (vt/ (2.0d0 sqrt is) lin. 
referenceArgValue e-fAndGradF value. 
reference ArgValue = 1.0d30 

ifTrue: 
newValue - verit 

iffalse: 
newValue (- self spiceJunctionLimit: imposedValue reference: reference ArgValue vit: vt vcrit: 

vcrit."Forward limiting." 
ffAndGradF value: newValue 

spiceOffJunctionLimitWithParameters: array spiceOffJunctionLimitWithParameters: 
"Limit the variation of the argument from call to call for functions of the form 'is'(exp(arg/vt)-1). This is 

the limiting algorithm used in Berkeley Spice. Initialize the junction voltage to 0." 
"Author: 14 Sep 89 graemeb" 

newValue vt vcrit reference ArgValue is 

" State is currently handled by the off-element loader. 
state e-array at: 3. 
State = 0.0d0 

ifTrue: Ifreference Value value: 0.0d0). 

vt (- array at: i. 
is 6- array at 2. - 
vcrit (- vt * (vt/ (2.0d0-sqrt * is)) lin. 
reference ArgValue e-fAndGradF value. 
reference ArgValue = 1.0d30 

if True: 
newValue - 0 

iffalse: 
(newValue (- self spiceJunction Limit: imposedValue reference: reference ArgValue vit: vt vcrit: 

vcrit)."Forward limiting." 
ffAndGradF value: newValue 

updateReferenceArgWithUnlimitedValue updateReferenceArgWithUnlimitedValue 
"Store the imposed value into the AbstractFAndGradf as the reference value and set to 'unlimited'." 
"Author: 2 January 1989 graeneb" 

limited e-false. 
ffAndGrad F value: imposedValue 

accessing 
argumentNumber argumentNumber 

"Answer the number of this argument as a Smallinteger." 
"Author. 24 Feb 1989 graemeb" 

fargumentNumber 

deltaValue deltaValue 
"Answer the difference between the imposed value and the reference value of the AbstractFAndGradF." 
"Author: 2 January 1989 graemeb" 

fimposedValue - fandGradF value 
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derivativeAt: index derivativeAt: 
"answer the derative at the index, l if at my number, zero-otherwise" 
"Author: 9 Aug 90 kurtk" 

. . . . index = argumentNumber ifTrue: (fDoubleFloat one). 
fDoubleFloat zero 

"* 9 Aug 90 12:26 pm kurtk" 
imposedValue imposedValue 

"Answer the imposed value of the AbstractFAndGradf." 
"Author: 2 January 1989 graeneb" 

fimposedValue 
limited limited 

"Answer whether the argument was limited." 
"Author: 2 January 1989 graemeb" 
Tiimited 

putImposedvalue: value putImposedValue: 
"Store value into the AbstractFAndGradf as the imposed value and set to "unlimited'." 
"Author: 2 January 1989 graemeb" 

imposedValue - value. 
limited - false 

putValue: value putValue: 
"Store value into the ArgumentFAndGradF as the imposed and reference value and set to 'unlimited'." 
"Author: 15 Jun 89 graemeb" 

fAndGradf value: value. 
imposedValue - value. 
linited - false 

private 

spiceJunctionLimit:reference:vt:vcrit: 
spiceJunctionLimit: imposed reference: reference vit: vt verit: vcrit 

"Limit the variation of the argument from call to call for functions of the form 'is'(exp(arg/vt)-l)'. This is 
the limiting algorithm used in Berkeley Spice." 

"Author: 2 January 1989 graemeb" 

i delta twovt referenceArgValue 

twovt {- vt 2.0dO. 
imposed <vcriti (imposed <= 0.0d0) 

ifTrue: limited e-false. fimposed) 
ifFalse: 

delta - imposed - reference. 
delta abs. C- twovt - 

ifTrue: limited - false. fimposed) 
ifFalse: 

reference <= 0.0d0 
ifTrue: 

(limited - true. vi. " (imposed/vt + 1.0d0) in 
iffalse: w 

(delta <= vt negated 
ifTrue: 

(limited - true.fvcrit) 
ifFalse: 

(limited - true. freference + (vt* (deltaf vt + 1.0dO) in)))) 
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initialize-release 

. new with Numvars:thisvarNum:withvalue: 
newWith NumVars: numWars thisWarNum: nun withValue: val 

"Answer an instance of self with finitialized to 'val" and fprime initialized to 1.0dO." 
"Author: 2 January 1989 graeneb" 

fAndGradf - self species newWith NumVars: numVars thisvarNum: num withValue: val. 
argumentNumber - num 

converting 

ascodeGenFAndGradFWith Name:and Context: 
ascodeCenFAndGradFWith Name: name and Context: a Context 

"Answer a code-generation object corresponding to self." 
"Arguments: 

are - <String> 
aContext - CModelCodeGenContext)" 

"Author: 8 May 1989 graeneb" 
self halt: 'Should not be used. gb.'. 

1CodeGenArgumentFAndGradF new setSize: fandGradF size 
derivativeNumber: argumentNumber 
and Name: naine v 
and Context aContext 

"*24 Sep 90 10:52 am graemeb" 

testing 
isArgument isArgument 

"Answer that this object is an argument." 
"Author: 28 Aug 90 graemeb" 

true 

** 28 Aug 90 10:36 am graemeb" 

APPENDIX H 

From Tektronic Smalltalk-80 version TB2.2.2a of May 05, 1988, 18:14:03. on 12 September 1990 at 4:56:29 pm 
ADS version: ADS.2c.3al EK.007. LBa6.020 

CodeGenArgumentFAndGradF - 

CodeGenFAndGradE subclass: #CodeGenArgumentFAndGradf CodeGenArgumentFAndGradF 
instanceVariableNames: argumentinumber 
class VariableNames: 
pool Dictionaries: 
category: Tspice-MDS-To-C 

CodeGenArgumentFAndGradE comment: 
This class is used to represent a model argument during the code-generation process. 
Author: 4 May 1989 graeneb 

Instance variables: 

argumentNumber <SmallIntegerd 
s 
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initialize-release 

setSize:derivativeNumber:andName:and Context: 
setSize: size derivativeNurnber: i and Name: name and Context aContext 

"Set up a code-generation object to represent a model argument." 
"Arguments: 

size - <SmallIntegerd number of arguments (hence derivatives) in the model 
i - <SmallIntegerd argument (hence derivative) number of this argument 
name <String> name of argument 
aContext - <ModelCodeGenContext context for code generation." 

"Author: 4 May 1989 graemeb, Revised: 16 Nov 89 Sueb (removed temporaryAssignments)" 

argumentNumber - i. 
activeDerivatives - 1 bitShift: i - 1. 
context - acontext. 
function Value e- self preferred VariableNode new name: name. 
gradientValues e-Array new: size. 
gradientValues at i put: (self preferredLiteralNode new value: 1.0d0) 

accessing 
argumentNumber argumentNumber 

"Answer the number of this argument as a SmallInteger." 
"Author: 4 May 1989 graeneb" 

fargumentNumber - Nora 
convergenceFossible convergencePossible 

"Answer &convergencepossible as a code-generation variable node." 
"Author: 14 Aug 90 graeneb" 

of fself preferredVariableNode new name: 'e-convergencePossible 1 N 

"* 23 Aug 909:51 am graemeb" 

functionArgValue functionArgValue 
"Answer the name of this argument as a code-generation variable node." 
"Author: 4 May 1989 graemeb; Revised: 14 Aug 90 graemeb" ' 

self preferredVariableNode new name: functionValue name 

"* 14 Aug 905:04 pm graemeb" 

imposedEunctionArgValue imposedEunctionArgValue 
"Answer the name of this argument as a code-generation variable node." 
"Author: 14 Aug 90 graeneb" 

fself preferredVariableNode new name: functionValue name, '--imposed 

"* 14 Aug 905:03 pm graemeb" 

converting 
asCodeGenFAndGradfWithContext aContext asCodeGenFAndGradWithContext: 

"Answer an equivalent CodeGenFAndGradF." 
"Arguments: 

aContext - CModelCodeGenContex>" 
"Author: 4 May 1989 graeneb" 

fself species new setSize: gradientValues size 
activeDerivatives: activeDerivatives. 
and Nane: function Value name 
and Context Context 

asCodeGenFAndGradF With Name:andContext: 
asCodeGenFAndGradFWith Name: name and Context: acontext - 
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"Answer a code-generation object corresponding to self." 
"No need to create a new argument object since they are never assigned to." 
"Arguments: 

pape - <String> 
aContext - <ModelCodeGenContext)" 

"Author: 4 May 1989 graeneb" 

fself 

arithmetic functions 

logarithmicDeltaCompressionWithParameters: 
logarithmicDeltaCompressionWith Parameters: args 

"Answer a code-generation node representing this function call and arguments. Note: limit functions q 
answer a scalar assignment node rather than a CodeGenFAndGradF value." No S 

"Arguments: 
args- <Array> of nodes." 

"Author: 8 Dec 89 graeneb, Revised: 15 Aug 90 graeneb" 

functionArgs f delta initial Value v 
context resetLocalAssignments. 
fe- args at 1. 
delta - args at 2. 
initial Value (- args at 3. 
functionArgs - OrderedCollection new. 
functionArgs add: f functionArgValue; 

w add: f imposed FunctionArgValue; 
add: self convergencePossible; 
add: delta function Value; 
add: initial Value functionValue. 

functionArgs - functionArgs asArray. 
TspiceCodeGenAssignmentNode new name: functionValue name value: (functionArgs at: 1) 

logarithmicDeltaCompressionWithArgs: functionArgs) 

"15 Aug 90 11:21 am graemeb" 

spiceBreakdownJunctionLimitWith Parameters: 
spiceBreakdownJunctionLimitWithParameters: args 

"Answer a code-generation node representing this function call and arguments. Note: in it functions 
answer a scalar assignment node rather than a CodeGenFAndGradF value." I- NOTE: 5 

"Arguments: o 

args- (Array) of nodes." 
"Author: 4 May 1989 graemeb, Modified: 30 May 89 sueb; Revised: 15 Aug 90 graemeb" 

functionArgs v is two verit f offset 
context resetLocalAssignments. 
fe args at: . 
vt. e- args at 2. 
is - args at: 3. 
offset - args at: 4. 
two - 2.0dO asCodeGenFAndGradPWithContext: context. 
vcrit - context addTemporaryAssignment: (vt. * (vt/ (two sqrt * is)) lin) function Value. 
functionArgs - OrderedCollection new. 
functionArgs add: finposedPunctionArgValue; 

add: f functionArgValue; 
add: self convergencePossible; 
add: vorit functionWalue; 
add: vit function Value; 
add: offset function Value. 

functionArgs - functionArgs asArray. 
fTspiceCodeGenAssignmentNode new name: functionValue name value: (functionArgs at: 1) 

spiceBreakdownJunctionLimitWithArgs: functionAIgs) 

"* 27 Aug 903:54 pm graemeb" 

spiceCSLimitWith Parameters: args spiceCSLimitwithParameters: 
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"Answer a code-generation node representing this function call and arguments. Note: limit functions 
answer a scalar assignment node rather than a CodeGenFAndGradF value." 

NOTE is "Arguments: 
args- (Array> of nodes." 

"Author: 4 May 1989 graemeb, Modified: 30 May 89 sueb; Revised: 15 Aug 90 graemeb" 

I functionArgs f delta V 
context resetlocalAssignments. 
fe- args at: 1. 
delta - args at 2. 
functionArgs - OrderedCollection new. 
functionArgs add: f functionArgValue; 

add: f imposedPunctionArgValue; 
add: self convergencePossible; 

w add: delta functionValue. 
functionArgs - functionArgs asArray. 
TspiceCodeGenAssignmentNode new name: functionValue name value: (functionArgs at: 1) 

spiceCSLimitWith Args: functionArgs) 

"* 15 Aug 90 11:52 am graemeb" 

spiceJunctionLimitWithParameters: args spiceJunctionLimitwith Parameters: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar assignment node rather than a CodeGen AndGradF value." 
"Arguments: 

args- <Arrayd of nodes." 
"Author: 4 May 1989 graemeb, Modified: 30 May 89 graeneb; Revised: 15 Aug 90 graemeb" 

functionArgsvt is vicirit two fi 
context resettlocalAssignments. 
fe-args at: 1. 
vt e- args at 2. 
is e- args at: 3. 
two € 2.0dO asCodeGenFAndGradfWithContext context. 
vcrit - context addTemporaryAssignment (vt. * (vt/ (two sqr. * is) in) function Value. 
functionArgs - OrderedCollection new. 
functionArgs add: f imposedFunctionArgValue; 

add: f functionArgValue; 
add: self convergenceFossible; 
add: victit function Value; 
add: vt function Value. 

functionArgs - functionArgs asArray. 
TspiceCodeGenAssignmentNode new name: functionValue name value: (functionArgs at: 1) 

spiceJunctionLimitWith Args: functionArgs) 

"* 27 Aug 90 3:45 pm graeneb *" 

spiceOffJunctionLimitWith Parameters: args spiceOffJunctionLinitWithParameters: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar assignment node rather than a CodeGenFAndGradF value." 
"Arguments. 

args- (Arrayd of nodes." 
"Author: 8 Dec 89 graemeb, Revised: 15 Aug 90 graemeb" 

1 functionArgs vt is two vicrit f : 
context reset localAssignments. 
fe-args at: 1. 
vt - args at 2. 
is e- args at: 3. 
two - 2.0d0 asCodeGenFAndGradfWithContext context. 
vcrit - context addTemporary Assignment: (vt * (vt/ (two sqrt * is) in) functionValue. 
functionArgs (- OrderedCollection new. 
functionArgs add: f imposed FunctionArgValue; 

add: f functionArgValue; 
add: self convergencePossible; 
add: verit functionValue; 
add vt functionValue. 

functionArgs - functionArgs asArray. . 

w 
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TspiceCodeGenAssignmentNode new name: functionValue name value: (functionArgs at: 1) 
spiceOffunctionLimitWith Args: functionArgs) 

"* 27 Aug 903:46 pm graemeb" 

updateReference ArgWithUnlimitedValue updateReferenceArgWithUnlimited Value 
"Store the imposed value into the reference value." m 
"Author: I Jun 89 Suebi Revised: 16 Aug 90 graeneb" 

context resetLocalAssignments. 
fTspiceCodeGenAssignmentNode new name: functionValue name value: self imposed FunctionArgValue 

** 16 Aug 909:55 am graeneb " 

private 
logarithmicDeltaCompressionWith Args: args logarithmicbeltaCompressionWith Args: 

"Answer a code-generation node representing this function call and arguments. Note: limit functions 
answer a scalar function node rather than a CodeGenFAndGradF value." 

"Arguments: 
args- <Array of nodes." 

"Author: 8 Dec 89 graemeb; Revised: I7 Jan 90 sueb (removed temporary assignments)" 

imposedValue functionArgs 
imposedValue - args at: . 
context - imposedValue context. 
activeDerivatives - imposedValue activeDerivatives. 
functionArgs - Array new: args size. 
1 to: args size do: 

: if functionArgs at: i put: (args at: i) functionWalue). 
functionValue - imposedValue functionValue logarithmicDeltaCompressionWith Args: functionArgs. 
gradientValues e-imposedValue gradientValues 

species species 
"Answer the preferred class for reconstructing the receiver." 
"Author: 4 May 1989 graemeb" 

foodeGenFAndGradF 

spiceBreakdownJunction LimitWith Args: args spiceBreakdownJunctionLimitWith Args: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar function node rather than a CodeGenFAndGradf value." 
"Arguments: 

args- <Array> of nodes." 
"Author: 4 May 1989 graemeb, Revised: 16 Nov 89 Sueb (removed temporaryAssignments)" 

imposedValue functionArgs 
imposedValue - args at: 1. 
context - imposedValue context. V 
activeDerivatives - imposedValue activeDerivatives. 
functionArgs - Array new: args size. 
l to: args size do: 

: it functionArgs at i put: (args at: i) functionValue). 
functionValue (- imposedValue functionValue spiceBreakdown.JunctionLimitWithArgs: functionArgs. 
gradientValues - imposedValue gradientValues 

spiceCSEtimitWith Args: args spiceCSLinitWith Args: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar function node rather than a CodeGenFAndGradF value." 
"Arguments: 

args- (Array of nodes." 
"Author: 4 May 1989 graeneb, Revised: 16 Nov 89 Sueb (removed temporaryAssignments)" 

| imposedValue functionArgs 
imposedValue - args at 1. 
context e- imposed Value context. 
activeDerivatives - imposedValue activeDerivatives. 
functionArgs - Array new: args size. 
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1 to: args size do: 
: il functionArgs at: i put: (args at: i) functionValue. 

functionValue - imposedValue functionValue SpiceCSLimitWith Args: functionArgs. 
gradientValues (- imposedValue gradientValues 

spiceJunctionLimitWith Args: args spiceJunctionLimitWith Args: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar function node rather than a CodeGenFAndGradf value." 
"Arguments: 

args- <Array of nodes." 
"Author: 4 May 1989 graemeb, Revised: 16 Nov 89 sueh (removed temporaryAssignments)" 

imposedValue functionArgs 
imposedValue - args at: 1. 
context - imposedValue context. 
activeDerivatives - imposedValue activeDerivatives. 
functionArgs - Array new: args size. 
1 to: args size do: 

(: it functionArgs at: iput: (args at: i) functionValue. 
functionValue - imposedValue functionValue spiceJunctionLimitWith Args: functionArgs. 
gradientValues - imposedValue gradientValues 

spiceOff JunctionLimitWith Args: args spiceOffJunctionLimitWith Args: 
"Answer a code-generation node representing this function call and arguments. Note: limit functions 

answer a scalar function node rather than a CodeGenFAndGradF value." 
"Arguments: 

args- <Array> of nodes." 
"Author: 8 Dec 89 graemeb, Revised: 17 Jan 90 sueb (removed temporary assignments)" 

I imposedValue functionArgs 
imposedValue e- args at: 1. 
context - imposedValue context. 
activeDerivatives - imposed Value activeDerivatives. 
functionArgs - Array new: args size. 
1 to: args size do: 

: il functionArgs at i put (args at: i) function Value). 
functionValue - imposedValue functionValue spiceOffunctionLimitWithArgs: functionArgs. 
gradientValues - imposed Value gradientValues 

APPENDDX 

From Tektronix Smalltalk-80 version TB222a of May 05, 1988, 18:14:03. on 12 September 1990 at 5:22:33pm. 
ADS version: ADS.2c3aTEK.007 LBa6.020 

MDSModel definition 

MDSModelDefinition 
C code generation -- utilities 

generateDeCodeInContext: modelContext generateDcCodeInContext: 
"Generate the C code for each of the stored blocks of compiled smalltalk model code." 
"Author: 27 Nov 89 Suebi Revised: 2 Feb. 90 sueb (moved to this class from 'Simulator ModelDefinition'), 

Revised: 14 May 90 sueb" 

dcCode argbefs opCode aiCode dataFlowAnalyzer argumentNames updates oldAICode 
modelContext analysisMode: #dc. 
modelContext setup.ZeroArgumentResultNamesForModel: self. 
dcCode e-TspiceModelBlockNode new initialize. 
argdefs - self codeFor: #argumentidefinition. 
argiDefs notNil if True: (dcCode addAll: argdefs. 
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dcCode addAll: (self codeFor: Fargument DependentFquations). 
modelContext at #argument dependent putCode: (dcCode generateCodeInContext: modelContext). "Needed 

here to determine the intermediate & result types." 
modelContext resetVarDcclarations. 

opCode e- code at: #output ifAbsent: ). 
opCode notNil if True: . 

modelContext at #output putCode: (opCode generateCodeInContext: modelContext). 
modelContext resetVarDeclarations. 

aiCode e- code at #argument Independentequations ifAbsent: ). 
oldAICode - modelContext codeFor: #argument Independent 
aiCode notNii if True: 

modelContext at #argumentIndependent putCode: (aiCode generateCodeInContext: modelContext). 
modelContext resetVarDeclarations. 

dataFlowAnalyzer - self class preferred dataFlowAnalyzerClass new context: modelContext. 
dataFlowAnalyzer optimizeCode. 

old AICode isBmpty 
ifFalse: modelContext at: #argumentIndependent putCode: oldAICode. 
nodelContext at #dcMapOutputCode: (mapManager generateCodeInContext: modelContext). 

dataFlowAnalyzer release. 

argumentNames - modelContext argumentNames. 
dcCode - modelContext codeFor: #argument dependent. 
updates - OrderedCollection new: argumentNames size. 
dcCode do: 

: Statement 
(statement isAssignment and: (argumentNames includes: statement variableName)) 

if rue: V 
updates add: statement. 

argDefs e-TspiceCodeGenBlockNode new initialize. 

From Tektronic Smalltalk-80 version TB222a of May 05, 1988, 18:14:03. on 12 September 1990 at 5:22:17 pm 
ADS version: ADS.2c3aTEK.007 LBa6.020 

MDSModel Definition 

MDSModelDefinition 
C code generation 

printArgumentindependentCodeOn:inContext: 
printArgument IndependentCodeOn: aStream in Context: context 

"Print out C code that will execute the receiver's "argument independent code'." 
"Author: 27 Nov 89 Sueb Revised: 25 Jan 90 sueb (removed unused temp); Revised 16 Aug 90 graemeb" 

i temporaryVariables aiCode 
aiCode (- context codeFor argumentindependent. 

(aiCode isNil or: aiCode isEmpty) 
ifFalse: (temporary Variables - aiCode temporary Wariables asSortedCollection). 

aStream cr; nextPut All: '? Run the argument independent code for one element "f. 
aStream Cr. 
aStream nextPutAll: 'int': cr; 

nextPutAll: AIe-'; 
nextPutAli: name; 
next PutAll: '(e-element, e-circuit) 

struct '; 
nextPut All: name; 
next PutAll: ElementInstance *-element; 

circuit Data e-circuit, m 
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(aiCode isNil or: aiCode isEmpty) 
iffalse: 

temporary Variables do: 
: vari 

(context containsPermanentVariable: var) 
ifFalse: 

((var at: 1) = Se- and: (var at 2) = SI)) 
sale1 if True: 

aStream critab: 1; nextPut All: 'int '; next Put All: var, nextPut: S; 
Ny g iffalse: 

(aStream crtab: 1; nextPutAll: 'double'; nextPutAli: var; nextPut: S;). 
aiCode printCodeOn: aStream level: 1. 
aStream cr). 

aStream crtab; next PutAll: 'return(OKAY), 

"* 24 Aug 90952 am graemeb *" 
v 

printBlasbypassingloaderon:inContext: 
print BiasBypassingLoaderOn: aStream inContext: context 

"Print out C code for a bias bypassing loader ("load using solutioh vector - with bypassing') that will 
execute the receiver's dc equations, then mapout results." 

"Author: 2 Nov 89 sueb; Revised: 5 Feb 90 sueb (moved to this class from 'SimulatorModelDefinition'); 
Revised: e14 Mar 90 Sueb " 

moCode doCode 
context nonLinearresults isEmpty 

ifTrue: self). 
moCode - context codeFor: #dcMapCut. 

aStream cr. 
aStream nextPutAll: / Bias bypassing loader - "LoadUsingSolution Vector with bypassing" "I"; cr. 
aStream nextPutAll: 'int': Cr; 

nextPutAll: BBé-'; 
nextPutAll: name; 
nextPutAll: '(e-loader, -circuit, e-convergencePossible) 

inte-convergencePossible;'. 
d 

dcCode - context codeFor: #dcArgumentDependent 
(dcCode isEmpty and: moCode isEmpty) 

ifTrue: m 

self print EmptyFunctionOn: aStream) 
ifFalse: 

self printdeclarationsOn: aStream incontext: context. 

aStrean tab. 
(context nonLinear Arguments isEmpty) 

ifFalse: 
aStream next Put All: 'double e-solutionWector'; cr. 
self printMapInDeclarationsOn: aStream level: 1 inContext: context. 
self print LinearizationCheckDeclarationsOn: aStream level: 1 inContext: context). 

aStream tab; nextPutAll: 'double "e-rhs;. 

(dcCode isBmpty) 
ifFalse: 

aStream crab; nextPutAll: 'double e-sun; 
double e-absoluteTolerance; 
double e-relativeTolerance; 
double e-vnTolerance. 

self hasState 
if True: 

(aStream crtab; nextPutAll: 'double e-scalevalue; 
e-scaleValue = max(1.0e-6, -stepperVariable);". 

aStream critab. 
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(context nonLinearArguments isBmpty) 
ifFalse: 

aStream nextPut All: 'e-solutionVector = g-circuit-solutionVector': crab. 
aStrean nextPut All: '-rhs = e-circuit-solution.ths'. 

(dcCode isEmpty) 
ifFalse: 

aStream criab; nextPutAll: 'e-absoluteTolerance = *e-circuit-absoluteTolerance; 
e-relativeTolerance = *-circuit-relativeTolerance; 
e-vnTolerance as *-circuit-vnTolerance;). 

aStream cr; crab; nextPutAll: 
e-elements (struct '; 

next PutAll: name; 
nextPutAll: "ElementInstance") -loader-elements; 

for (-i = 0; -i < e-loader-nunne-Elements; -i-HE) { 

aStream crab: 2; nextPutAll: 'e-element-bypass = TRUE;';cr. 

self printMapInsOn: aStream level: 2 inContext: context. 

self printextrapolationOfLinearResultsCn: aStrean inContext context level: 2. 

self print BypassCheckon: aStream incontext: context level: 2. 

aStream critab: 2; nextPutAll: "if (le-element-bypass) . 
self print ArgumentUpdatesOn: aStream inContext: context level: 3. 
self print DcFunctionCallOn: aStream inContext: context level: 3. 

self printLinearizationCheckOn: aStream level: 3 inContext context. 

aStream crtab: 2; nextPut All: }; tab; nextPut All: '? end if (e-element-bypass) *f; cr. 

aStream crtab:2; next PutAll: '? Run the mapout code */". . . 
self hasState . m 

fre: 
(self printOffelementMapOutsOn: aStream level: 2 inContext: context 

ifFalse: 
moCode printCodeOn: aStream level: 2). 

aStream next Put All: 
e-element = -element-next, 

} f end for loop over elements */ 

"* 24 Aug 901:56 pm graemeb *" 

printBiasnitializingLoaderOn:inContext: 
printBias.InitializingLoaderon: aStream in Context: context 

"Print out C code for a bias initializing loader ("load using initial arguments') that will execute the 
receiver's argument independent and dc equations, then mapout results." 

"Author: 2 Nov 89 Sueb; Revised: 5 Feb 90 sueb (moved to this class from "SimulatoriModelDefinition'); 
Revised 14 Mar 90 Sueb " m 

V 

noCode 
moCode e- context codeFor: #dcMapQut. 

aStream Cr. 
aStream nextPutAll: 'N Bias initializing loader - "LoadUsinginitialArguments" /"; Cr. 
aStream next PutAll: 'int; cr; 

next Put All: Be-'; 
next Put All: name, 
next Put All: (e-loader, e-circuit). 
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((context codeFor: #dcArgument dependent) isEmpty and: (moCode isEmpty) 
if true: 

(self printEmptyFunctionOn: aStream) 
ifFalse: 

(self printDeclarationsOn: aStream inContext context. 
aStream tab; nextPutAll: 'double *e-rhs;'; cr. 
self hasState 

ife: 
aStrean tab; next Put All: 'double e-scaleValue; 

(-scaleValue = max(1.0e-6, e-stepperVariable);). 

aStream crtab; nextPutAll: 'e-rhs = (-circuit-solution.rhs; 

e-element = (struct '; 
nextPutAll: name; 
nextPutAll: Elementinstance") (-loader-elements; 

for (e-i = 0; -i < e-loader-numé-Elements; (-i-H) { 

aStream crtab:2; nextPutAll: '? Run the mapout code "/". 
self hasState 

ifTrue: 
(self printOffelementMapoutsOn: aStream level: 2 inContext: context) 

ifRaise: 
moCode printCodeOn: aStream level: 2). 

aStream nextPutAll: ' 
e-element = (-element-next; 

} /* end for loop over elements */ 

"* 24 Aug 90 1.58pm graemeb" 

printBiasNonBypassingloaderOn:inContext: 
printBiasNonBypassingLoaderOn: aStream inContext: context 

"Print out C code for a bias bypassing loader ("load using solution vector - without bypassing') that will 
execute the receiver's dc equations, then mapout results." 

"Author: 2 Nov 89 sueb, Revised: 5 Feb 90 sueb (moved to this class from 'SimulatorModelDefinition'); 
Revised: 14 Mar 90 sueb" 

dcCode moCode 
noCode e- context codeFor: #dcMapOut. v 
dcCode - context codeFor: #dcArgument Dependent. 

aStream Cr. 
aStream nextPutAll: "I Bias non-bypassing loader - "LoadUsingSolution Vector" *f; cr. 
aStream nextPutAll: 'int': Cr, O 

nextPutAl: 'BN-'; 
nextPutAll: name; 
nextPutAll: '(-loader, (-circuit, e-convergencePossible) 

int *e-convergencepossible;'. 
A. 

(dcCode isEmpty and: moCode isEmpty) 
ifue: 

(self printEmptyFunctionOn: aStream) 
ifFalse: 

(self printDeclarationsOn: aStream inContext context. 

aStream tab. 
(context nonLinearArguments isEmpty) 

ifFalse: - 

aStream nextPut All: 'double "e-solutionVector'; cr. 
self printMapInDeclarationsOn: aStream level: 1 inContext: context. 
self printLinearizationCheckDeclarationsOn: aStream level: 1 inContext: context). 

aStream tab; nextPutAll: 'double *e-rhs;'. 
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dcCode isEmpty 
ifFalse: 

aStream crab; next PutAll: 'double -sum; 
double -absoluteTolerance; 
double e-relativeTolerance;). 

self hasState 
if True: 

aStream crtab; next PutAll: 'double e-scaleValue; 

{-scaleValue = max(1.0e-6, -stepperVariable);). 

aStream crtab. 
(context nonLinear Arguments isempty) 

iffalse: 
aStream next Put All: 'e-solutionVector = -circuit-solutionVector;; crtab. 
aStream next Put All: '-rhS = (-circuit-Solution.rhs. 

dcCode isEmpty 
iffalse: 

aStream Crab; nextPutAll: 'e-absoluteTolerance = *e-circuit--absoluteTolerance; 
e-relativeTolerance = *-circuit-relativeTolerance;'). 

aStream cr; critab; nextPutAll: 
e-element = (struct '; 

nextPut All: name: 
nextPutAll: "ElementInstance ) -loader-elements; 

for (-i = 0; -i < (-loader-nume-Elements; e-i) 

{-element-bypass = FALSE, 

Self printMapInsOn: aStream level: 2 inContext context 

self printConditionalExtrapolationOfLinearResultsOn: aStream incontext context level: 2. 

self print ArgumentUpdatesOn: aStream incontext: context level: 2. 
self printDcFunctionCallOn: aStrean inContext: context level: 2. 
self printLinearizationCheckOn: aStream level: 2 inContext: context. 

aStream crtab:2; nextPutAll: / Run the mapout code "/". 
self hasState 

ifTrue: 
self printOffelementMapOutsOn: aStream level: 2 inContext: context) 

iffalse: 
moCode printCodeOn: aStream level: 2). 

aStrean nextPutAll: 
{-element = e-element-next; 
f" end for loop over elements */ 

"* 24 Aug 902:02 pm graemeb" 

printBiasOutputloaderOn:inContext: 
printBiasOutputLoaderOn: aStream incontext: context 

"Print out C code for a bias output loader ("load using solution vector -- without mapouts') that will 
execute the receiver's model equations and output code before outputs are printed to the ansr file." 

"Author: 2 Nov 89 sueb; Revised: 5 Feb 90 Sueb (noved to this class from 'SimulatoriModelDefinition'); 
Revised: 22 Mar 90 sueb (updated to use Alaine's new output macro); Revised: 17 Apr 90 sueb (run dc code 
only if element was bypassed); Revised: 13 Jun 90 sueb (don't need to send analysis section as argument)" 

initial OpCode doCpCode tranOpCode temporary Variables 
temporaryVariables - Set new. 
initial OpCode e- context codeFor: #initialOutput 
initialOpCode isEmpty 

iffalse: 
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temporary Variables addAll: initial OpCode temporary Variables). 
dcOpCode e- context codeFor: #dcOutput. 
dcOpCode isEmpty 

iFalse: 
temporaryVariables addAll: dcOpCode temporary Variables). 

tranOpCode - context codeFor: #transientOutput. 
tranOpCode isEmpty 

ifEase: 
temporary Variables addAll: tranOpCode temporary Variables). 

temporaryVariables - temporary Variables asSortedCollection. 

aStream cr. 
aStream nextPutAll: /* Bias output loader - "Run code to set values before printing outputs" */"; cr. 
aStream next Put All: 'int'; cr; 

nextPutAll: "BOe-'; w 
next Put All: name; 
nextPutAll: '(-fd, e-circuit, e-analysisType, e-fileType, -keepType, -el, e-outputs, 

{-workArrayPtri) 
FILE *e-fd; P input - file descriptor of anSr file/ 
circuitdata e-circuit; 
int -analysisType; 
int {-fileType; 
int e-keepType; 
circuitprimitive 'e-el; 
dutputIndexNames 'e-outputs; 
double e-workArrayPr; 

(context argumentNames isEmpty) 
false: 

aStrean next PutAll: 
double *e-solutionVector = -circuit->solutionVector'; cr). a 

self printTemporaryDeclarations: temporaryVariables on: aStream inContext: context. 
aStream crtab; nextPutAll: 'struct '; 

nextPut All: name; 
nextPutAll: Element instance e-element a (struct; 
nextPutAi: name; 
nextPutA: ElementInstance ) e-el; 

double *-output location; 
int *e-outputIndices; 
inte-numOutputs = (-outputs-size; 
inte-numToWrite = e-fileType == ANSRPFILE 2 (-numOutputs + 1 : {-numOutputs; 

f* Loop through all element instances. */ 
while (e-element = NULL) { 

self printFullMapInsOn: aStream level: 2. 

aStream next Put Al: 

switch (e-analysisType) { 
case TRANSIENT-ANALYSIS:. 
"Don't need to do the next step unless we add bypassing to transient. 

(context codeFor: #transient) isEmpty 
ifFalse: - 

faStream crtab: 3; nextPutAll: "f* If element was bypassed, run transient code */". 
aStream critab: 3; nextPutAll: 'if' (-element-bypass == TRUE)'. 
self printTransientfunction CallOn aStream inContext: context level: 41." 

aStream crab: 3; nextPutAll: "f* Run the output code */. 
tranOpCode printCodeOnWithout Limiting: aStream level: 3 inContext: context. 
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aStrean nextPut All: 

break; 

aStream nextPut All: 

case DCe-ANALYSIS:'. 
(context codeFor: #dcArgument Dependent) isEmpty 

iffalse: 
aStream crab: 3; next PutAll: /* If element was bypassed, run dc code */". 

w aStream crtab: 3; nextPutAll: 'if (-element-bypass = TRUE)'. 
self printDcFunctionCallOn: aStream inContext: context level: 4). 

aStream crtab: 3; next PutAll: "/" Run the output code "/. 
dcOpCode printCodeOnWithoutLimiting: aStream level: 3 inContext: context. 
aStream nextPut All: 

break; 

aStream nextPutAll: 

default: '. 
(context codeFor: #dcArgument Dependent) isEmpty 

ifFalse: 
aStream crab: 3; nextPutAll: "/" If element was bypassed, update arguments and run DC code 

/. 
aStream crtab: 3; next PutAll: "if (-element-bypass = TRUE)'. 
self printidcFunctionCallOn: aStream inContext: context level: 4). 

aStream crtab: 3; nextPut All: /* Run the output code *?. 
initialOpCode printCodeOnWithoutLimiting: aStream level: 3 inContext; context. 
aStream nextPut All: 

break; 
} 

context addOutputMapTo: aStream. . 

aStream nextPut All: 
WRITEe-BINARYe-DOUBLE-ARRAYe-TOe-FILE(e-fd, e-workArrayPir, (-numTowrite, "Error 

writing to output file"); 
if (e-keepType = ELEMENTel-LIST) 

{-element se e-element-next, 
else 

e-element = NULL; 
} /* end for loop over elements */ 

return (OKAY); 
} 
s 

"* 7 Sep 90 6:35pm graemeb *" 

printBiasPredictedSolution Vector Loader On:inContext: 
printBiasPredictedSolutionVectorLoaderOn: aStream incontext: context 

"Print out C code for a bias loader ("load using predicted solution vector - without convergence checking') 
that will execute the receiver's dc equations, then mapout results." 

"Author: 2 Nov 89 Sueb, Revised: 5 Feb 90 sueb (moved to this class from 'SimulatorModel Definition'); 
Revised: 14 Mar 90 sueb" 

noCode 
moCode - context codeFor: #dcMapOut. 

aStream cr. 
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aStream nextPut All: / Bias non-bypassing loader - "LoadUsingPredictedSolution Vector"/"; cr. 
aStream nextPutAll: 'int; cr; 

nextPutAll: BPé-'; 
next Put A: maine; 
nextPutAll: '(e-loader, (-circuit, e-convergencePossible) 

int *e-convergencePossible;'. 

(context codeFor: #dcArgumentidependent) isEmpty and moCode isEmpty) 
... if True: 

self printEmptyFunctionOn: aStream 
ifFalse: 

self printDeclarationsOn: aStream inContext context 

aStream tab. 
aStream nextPutAll: 'double "e-rhs;'; cr. 

(context nonLinearArguments isEmpty) 
ifFalse: 

aStream tab; nextPutAll: 'double e-solutionWector: Cr. 
self printMapInDeclarationsOn: aStream evel: 1 inContext context. 

self hasState 
ifre: 

(aStream tab; nextPutAll: 'double e-scaleValue; e 

{-scaleValue as max(1.0e-6, e-stepperVariable):'). 

(context nonlinear Arguments isEmpty) 
ifFalse: 

aStrean crtab; nextPut All: 'e-solutionVector = g-circuit-solution Vector'). 

aStream critab; nextPutAll: 'e-rhs = {-circuit-solution.rhs; 

{-element = (Struct '; 
next PutAll: name; 
next PutAll: ElementInstance ) e-loader-elements; 

for (-i = 0; -i < (-loader-nume-Elements; -i- ) { 

self printMapInsOn: aStream level: 2 incontext: context. 
self print ArgumentUpdates0n: aStream inContext: context level: 2. 
self printDcFunctionCallOn: aStream inContext: context level: 2. 

aStream crtab:2; next PutAll: 'P' Run the mapout code */. 
Self hasState w 

ifTrue: 
self printOffelementMapoutsOn: aStream level: 2 inContext: context) 

ifFalse: 
moCode printCodeOn: aStream level: 2). 

aStrean nextPutAll: ' 
e-element = e-element-next; 

} f end for loop over elements */ 

"* 24 Aug 902:05pm graemeb" 

printCInitializationFunction OntinContext 
printCInitializationFunctionOn: aStream incontext: context 

"Generate a C-code function to initialize this model in the backend simulator." 
"Author: 26 May 89 sueb; Revised: 27 Nov 89 Sueb; Revised: 24 Jan 90 sueb (allocates all space for 

doubles at once); Revised: 6 Mar 90 Sueb (add flag for source stepping, remove flag for compiled models); 
Revised: 2 May 90 Sueb (print out counts for special function instances, add tran functions, dc output function) 
; Revised: 30 May 90 sueb, Revised: 13 Jun 90 Sueb (link to arrays for parameter names, ranges, model 
outputs); Revised: 4 Sep 90 graeneb, pass context to outputs printer." 






































































































































